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EXECUTI VE SUMMARY

W report our results of studies to develop a predation index and
eval uate ways to reduce juvenile salmonid | 0osses to predation in the
Colunbia River Basin. The study was a cooperative effort by the Oregon
Department of Fish and Wldlife (ODFW, Oregon State University (OSU), and
University of washington- Fisheries Research Institute (UMFRI) and Center
for Quantitative Science (VWCQS). ODFWwas the |ead agency and sub-
contracted various tasks and activities to osu, UWFR and VWCQS based on
expertise each brought to the study. Study objectives of each cooperator
wer e

1. ODFW (Report A): Develop an index'to estimte predation |osses of
juvenile sal noni ds (oOncorhynchus spp) in reservoirs throughout the Col unbia
Ri ver Basin, describe the relationships ameong predator-caused nortality of
juvenile sal nonids and physical and biol ogi cal variables, examne the
feasibility of devel oping bounty, comrercial or recreational fisheries on
nort hern squawf i sh (Ptychocheilus oregonensis) and develop a plan to
evaluate the efficacy of predator control fisheries.

2. OSU (Report B): Determine the economic feasibility of devel oping bounty
and commercial fisheries for northern squawfi sh, assist ODFWw th

eval uating the econonic feasibility of recreational fisheries for northern
sguawf i sh and assess the econonic feasibility of utilizing northern
sguawfi sh, carp (Cyprinus carpio) and suckers (Catostomus spp)in

mul tispecies fisheries.

3. UWFRI (Report C): Evaluate conmmercial technology of various fishing
nmet hods for harvesting northern squawfish in Colunbia River reservoirs and
field test the effectiveness of selected harvesting systens, hol ding
facilities and transportation systens.

4, VWWCQS (Report D: Mdify the existing Colunbia River Ecosystem Mdel
(CREM to include processes necessary to evaluate effects of renoving

nort hern sguawfi sh on their popul ation size structure and abundance,
docunent the ecol ogical processes, nathenatical equations and conputer
(FORTRAN) progranming of the revised version of CREM and conduct systematic
anal yses of various predator rempval scenarios, using revised CREMto
generate the sinulations.

Background and rationale for the study can be found in our 1989 annual
progress report on the study (Vigg and Burley 1989- see References section
in Report A).

Hi ghlights of results of our work by report are

Report A

1. Qur bootstrap analyses of catch per unit effort (cPUE) based indices of
relative abundance indicated that each of six techniques considered had a
90 percent probability of estimating a parametric mean CPUE within £ 50
percent. This was within the order of magnitude criteria established by
Pacific Northwest regional managers for determning that a predator




abundance index is feasible and useful for measuring the relative magnitude
of predation |osses anong reservoirs in the Colunmbia and Snake rivers. 'Two
of the indices, percent zero catches and natural |ogarithm of non-zero
catches, had a 90 percent probability of measuring a paranmetric nmean CPUE
within £ 15 percent.

2. Optimum sanpl e size for achieving high probabilities (>0 percent) of
precisely (+ 15 percent) measuring a paranetric nmean CPUE was approxinmately
12 replicates. Wen considered within the context of a sanpling design
simlar to that used in our baseline reference study in John Day Reservoir,
i.e. three areas and two time periods per reservoir annually, 12 replicates
per area-time period strata are logistically feasible using two gill net
and two electrofishing boats and crews.

3. Examination of northern squawfish fecundity for use in estimating the
reproductive potential of northern sguawfish popul ations showed

consi derable variation in fecundity-size relations. However, fecundity
varied directly with total weight; 'fecundity = 76.4 (total weight)0-95,

4. Year-class strength indices for northern sguawfish and walleye
correlated well with theoretical initial population sizes when the

popul ation structure reflected random recruitnent. However, when

popul ation structure reflected decreasing or increasing trends in
recruitnment, the indices were |ess robust, especially if less than seven
years of catch data was used in anal yses.

5. W precisely aged northern sguawfi sh using scal e sanples, but a question
remai ns about the accuracy of the ages. The average percent error was 7.4
percent and the coefficient of variation was 0.10

Report B

1. Oganic and heavy netal contaminant testing indicated PCB chlordane, DDT
derivatives, nercury, alumnum |ead and arsenic levels in northern
sguawfish fillets and organs were within Food and Drug Adnministration
action levels (where they exist). Sanples were not tested for dioxin or
radi oactivity.

2. Tests in five Vietnanese, Chinese, and American restaurants and five

Vi et namese markets showed northern squawfi sh were easy to handl e and
prepare and had good quality flesh. Steamed, fried or sauteed dishes were
priced from $5.60 to $7.50 in restaurants. \Wole, uncleaned northern
squawfi sh in markets were priced from $0.29 to $0.99 per pound. Al
participating restaurants and markets cited unfanmliarity with the product
and its boniness as market problens. Several owners were willing to market
a de-boned product.

3. Frozen northern squawfish provided to a fish buyer and to a nultiple-use
processing plant were favorably received by both. The fish buyer marketed
sanples as crayfish bait and received $0.10 per pound. The nultiple-use
processing plant used sanples in an enzyne hydrol ysate process and produced
a liquid base for organic fertilizer.




4. Live and iced northern squawfish transported well to restaurants and
markets. The only problemwas cosnetic, i.e. fish dead for a day upon
delivery had a nottled skin color although flesh quality was not affected
Iced fish brought the sane price as live fish, suggesting the extra cost of
transporting fish live was not cost-effective

5. W devel oped a questionnaire for regulatory review containing questions
about issues to be addressed prior to devel opnent of any fishery for
northern sguawfish other than the existing recreationa'| fishery. Plan5 to
mai |l the questionnaire to entities within whose jurisdiction fishery
activities would fall were outlined for Pacific Northwest regional managers
to pursue as various new fisheries are considered for inplenentation.

Report C

1. W considered seven gear types as potential candidates for field testing
based on several criteria including 1) their adaptability to comercia
vessel s of the sizes and types generally used in the Colunbia River Basin,
2) their suitability to the physical environment of Colunbia River Basin
reservoirs, 3) whether they had al ready been extensively tested in the
Columbia River Basin, 4) the quality of northern sguawfish captured, and 5)
the occurrence of incidental catch. The gear types considered were a purse
seine, baited long-lines, a beach seine, baited pots, set gill nets, drift
gill nets, and a trap net. Based on the criteria used, we selected the
purse seine and baited long-lines as potentially effective, relatively
untested, gear types that warranted further intensive field testing. W

al so selected a beach seine, baited pots, set gill nets and drift gill nets
for limted field testing under specific conditions.

2. W evaluated effectiveness of gear types tested by considering its catch
per unit effort (CPUE) of northern squawfish, its incidental catch of
speci es other than northern squawfi sh, and the ease with which it was

depl oyed

3. W caught 92 northern squawfish in 52 purse seine sets, for an average
catch per set of 1.8. Northern squawfish conprised 42 percent of al
speci es caught. Sets took an average of 20 minutes to conplete. American
shad conprised about 43 percent of the incidental catch; 54 shad were
caught. other speci es caught (numbersin parentheses) were catostom ds
(31), carp (15), steelhead (11) chinook salnon (9), sockeye sal non (3},
chiselmouth (3) and walleye (1).

4. We caught 525 northern sguawfish in 115 sets of baited long-1ines (about
55 hooks per |ine and about 5.5 hours per set) from April through August.
Thi s averaged out to about 5 squawfish per long-line set. About 72 percent
of catch was northern squawfish. Mer species caught (nunbers in

parent heses) were white sturgeon (83), channel catfish (81), cottids (14),
yel l ow perch (8), bullheads (7), catostom ds (4), Anerican shad (2), and
carp (2). In 82 long-line sets, from Septenber through Novenber, we
captured 129 northern sguawfish, or less than 2 squawfish per |ong-1ine
set. About46 percent of the incidental catch was channel catfish; 41
channel catfish were caught. \White sturgeon accounted for 20 percent of
the incidental catch during this fall period. Conparisons of different
baits fished fromlong-lines in Septenber through Novenber i ndicated




highest CPUE of northern squawfish using young-of-the-year Anerican shad as
bait; about 17 hooks per fish caught. CPUE of northern sguawfish using
juvenile salnonids as bait averaged about 21 hooks per fish caught, which
was about one-third the €PUE in June through August. Northern sguawfish
were also caught using crayfish, small cottids and nightcrawers as bait
however cPUE ranged from 32 to 80 hooks per fish caught. No northern
sguawfi sh were caught using herring, suckers or trout perch as bait. Ve
conpared hook types used with long-1ines based on four criteria; CPUE of
northern squawfish, ease of handling and baiting, ease of renoval from
fish, and ease of maintenance (keeping the hook sharp and unbent). A 3/0
Kahl e (English Bait) horizontal hook appeared to be the best hook based on
the criteria. Hook loss rate was approxinmately 4.5 percent.

5. W nade 175 bottom gill net sets and caught 136 northern squawfish
Average soak tine per bottomgill net was 2.4 hours and average CPUE of
northern sguawfi sh was 0.3 per hour. W caught no northern sguawfish in
two drift gill net sets, but did catch 9 northern squawfish in 27 surface
gill net sets. ¢cPUE of northern squawfish in surface gill nets averaged
0.1 per hour. Incidental catch in bottomgill nets was high; sone of the
other fish species we caught were: 542 catastonids, 76 Amrerican shad, 56
white sturgeon, 45 channel catfish, 14 walleye, 11 snallnouth bass, 10
steel head and 5 sal non

6. Twenty northern sguawfish, overhalf of which were under 250 mmin
length, were caught in 37 baited pot sets, one 48-hour trap net set and 8
beach seine hauls. |Incidental catches by each gear exceeded catch of
nort hern sguawfish.

7. Two of 40 white sturgeon (5% and 3 of 22 catfish (13.6% caught by
long-lines from April through August and held in pens in the river died

all inthe first day of holding and nost from bl eeding fromrenoval of
swal | oned hooks. Sinmilar tests held from Septenber through Novenber showed
no deaths anpng 10 white sturgeon and only 1 death ampbng 16 channe

catfish. Some nortality offish caught with bottomgill nets was observed
five of nine steelhead died and many American shad appeared to be noribund.
Also six wal l eye were killed in one overnight set and many channel catfish
and suckers were injured while being removed from nets

8. Conparisons anobng gear showed long-lines required the | east investnent
and handling tine and had the | owest incidential catch and nortality of
incidental |y caught fish species. Long-lines also caught the nmpbst northern
squawfish. Apotential problemwth long-lines is conflict with
recreational gear. However, northern squawfish were caught throughout the
wat er eolumn suggesting that depths-of-set can be adjusted and |ong-1ines
effectively marked with buoys to minimize conflict with recreationa

angl ers.

Report D

1. We docunented the Colunbia River Ecosystem Mdel (creM), a differentia
equation npdel and associated computer sinmulation program and used it to
Project nortality of juvenile sal nonids caused by conplex interactions
occurring during downstream migration.




2. W nodified CREM to consider effects on juvenile.salnonid nortality of
1) a reduction of the predator population, 2) dynanmically variable

popul ation distribution 'throughout the reservoir, and 3) popul ation
dynamics and growh in response to ingested food (energetics) of predator
popul ations. W also nodified creM to cal culate 1) error bounds or
confidence linmts on predicted juvenile salmonid nortalities due to
stochastic variation or uncertainty in nodel paraneter values and driving
functions, 2) projections of juvenile salmonid nortalities over nultiple
years, and 3) projections of juvenile salmonid nortalities over a system of
connected reservoirs, rather than a single reservoir.

3. W sinulated juvenile salmonid nortality caused by northern squawfish
predation by reservoir area (tailrace, reservoir, channel, nearshore, and
forebay) and salmenid type (age-0 chinook, age-l chinook, steelhead, coho,
and sockeye). Sinulations were performed for 1985 conditions in John Day
Reservoir. Total nortality estimates ranged from0.123 for age-| chinook
to 0.597 for age-0 chinook

4. Daily passage levels of at least twice the level estimated for 1985 in
John Day Reservoir were used to simulate conditions when prey densities
were above the inflection point of the functional response curve (i.e. were
at levels where predators were "swamped). As daily passage was increased
from2X to 4X the 1985 | evel, predation loss increased by about 27 percent.
However, predation nortality decreased 30 percent

5. Mean residence tines were varied from7 to 134 days to exam ne response
of predation loss and nortality to increasing residence tinme. Predation

| osses and nortality al nbost doubl ed when residence tinmes were increased
from7 to 18 days. Predation |osses and nortality increased 2.5X when nean
residence tine increased from 7 to 134 days.

6. Conparisons of predation |osses and nmortality at northern squawfish
abundances of 1.0, 0.5 and 0.1 tinmes 1985 levels in John Day Reservoir

i ndi cated non-proportional survival. Survival was non-proportional because
al though fewer predators resulted in higher prey densities, the rate of
change in consunmption slowed at very high prey densities.

7. As water tenperatures increased, so did predation |osses and nortality,
up to 21.5 C At tenperatures greater than 21.5 C, consunption by northern
squawfish, and thus nortality, decreased
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ABSTRACT

We are reporting progress on the predator-prey study for the
period August 28, 1988 to September 1, 1990. The purposes of this
research are to evaluate the feasibility of an index for assessment of
predation in various reservoirs throughout the Col unbia River basin, to
describe the relationships anong predator-caused nortality of snmolts and
physi cal and biological variables; to examne the feasibility of
devel opi ng bounty, conmercial or recreational fisheries on northern
sguawf i sh (Ptychocheilus oregonensis); and to develop a plan to eval uate
the efficacy of predator control fisheries. This parent project has
three sub-conponents, presented separately in Reports B (Hanna 1990}, C
(Mat hews et al. 1990) and D (Bl edsoe 1990) of this volune.

In the 1989 Annual Progress Report we completed several tasks
(Vigg and Burley 1989): (1) literature searches on predator abundance
indexing and factors regulating fish population dynam cs were conducted;
(2) selected references were summarized, and conpiled in a key-word
bi bl'i ography format; (3) the feasibility of various types of predator
abundance indices was assessed; (4) existing data relevant to mark-
recapture, catch per unit effort (cPuE), physical and cheni cal
variabl es, and reservoir norphology were conpiled, reviewed, and
summari zed; (5) where sufficient data existed, prelimnary
i npl enent ation of predator abundance indices was denonstrated; (6) field
sampling in John Day Reservoir was conducted during May to August, 1989
and the results summarized; (7) conputer spreadsheets were devel oped to
eval uate nethods for year-class strength determinations of northern
sguawf i sh and wal | eyes (Stizostedion vitreum vitreum) USing restricted
sampling; (8) a manuscript was submitted for publication in a fisheries
journal on tenperature dependent maxi mum consunption rates of northern
squawfish (Vigg and Burley In Press); (9) a draft plan was devel oped for
nort hern squawfish predator control fishery inplenentation and
evaluation -- which has since been revised and funded as Bonneville
Power Admi nistration Project 90-077.

In this 1990 Final Report, we are reporting on the remaining
tasks: (1) a statistical evaluation of the Predator Abundance | ndex
approach using nmeasures of CPUE; (2) quantification of a fecundity-size
relation for northern squawfish; (3) an evaluation of year-class
strength estimation nethodologies for northern squawfish and walleyes;
and (4) analysis of the precision of age determinations of northern
squawfish using scales. W concluded that it is feasible to use various
measures of CPUE as indices of the relative abundance of northern
squawfi sh in Colunbia River reservoirs based on the 1984-1986 data base
from John Day Reservoir. Gven the sanpling design stratified by three
reservoir areas and two time periods (12 sanples per cell) -- nean CPUE
of both electrofisher and gill net sanples is an adequate nethod to
assess fish relative abundance. Based on an enpirical "bootstrap"
anal ysis of the relationship between the accuracy of the index (percent
di fference between the Index cPUE estimate and the paranmetric crue
val ue) versus the enmpirical probability of achieving that accuracy




(nunber of time5 out of 100 trials), Wwe selected the Index-O {square
root of relative frequency of zero catches; Bannerot and Austin (1983))
and the nmean of the log of non-zero catches as the most sensitive
indices of relative predator abundance based on CPUE data. A sanple of
54 female northern squawfish collected from John Day Reservoir during
June-July 1989 had the follow ng biological characteristics (nean
values): fork length, 398.5 mm weight, 901.4 g; ovary weight, 93.4 g;
GSl, 9.8% fecundity, 50,521 eggs; and egg diameter, 1.20 nm O three
net hods tested for estimating relative year-class strengths of northern
squawfish and wal | eye, the Rieman Method correlated the best overall
with the random theoretical population structure given the assunptions
of the analysis. Northern sguawfish can be aged with precision greater
than 90% using scales as the aging structure. Northern sguawfish caught
i N bottom gillnets in John Day Reservoir during May-August 1989 ranged
4-14 years of age with a nean of 7.3 years.
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INTRODUCTION

The ultimate goal ofthis project is to reduce the mortality of
juvenile sal nonids (oncorhynchus spp.) out-nigrating through Col unbia
River reservoirs by reducing predation by northern squawfish
(Ptychocheilus oregonensis). Mrtality of juvenile salnon and steel head
mgrating downstream through the Colunbia River systemis a mgjor
concern of the Colunmbia Basin Fish and WIldlife Program (NPPC 1987). As
outlined in the program nortality of juvenile salnonids occurring
within mainstem reservoirs is an area of emphasis for Bonneville Power
Admini stration (BPA) funding, and northern sguawfish predation is an
i nportant conponent of this "reservoir nortality". The technical work
group (TWS on Reservoir Mortality/Water Budget Effectiveness has
supported continued research and inpl ementation ofcontrol neasures to
help alleviate the predation problem Predation research is over-seen
by the various agencies and tribes in the Colunbia R ver Basin through
the Fisheries Passage Advisory Committee (FPAC). Direct research
coordi nation on this project is maintained with a conpani on study being
conducted by the U S, Fish and WIldlife Service (Project 82-003) and
three subcontractors (University of Wshington, Oegon State University,
and Conputer Sciences Corporation). In the 1989 Annual Progress Report,
we present a detailed summary of the relationship of this Project to the
Col unbia Basin Fish and Wldlife Program the research background,
rationale, and coordination with other agencies (Vigg and Burley 1989).

Modeling simulations of reservoir-w de potential predation in John
Day Reservoir indicated that a 10-20% sustained exploitation of the
nort hern squawfi sh popul ation by a fishery could reduce juvenile
salmonid | 0sses to predation about 50% over a 5 to 10 year period
(Rieman and Beanesderfer 1990). These simulation results lead to the
devel opnent of a hypothesis that through harvest nmanagenent of northern
sguawfi sh, wusing sustained fisheries throughout the Colunbia R ver
Basin, predation mortality coul d be substantially reduced. A corollary
to this hypothesis is that eradication of northern sguawfish is not
necessary to achieve the goal ofsal non and steel head enhancenent.

Wth the exception of John Day Reservoir, the significance and
dynani cs of resident f£ish predation are still poorly understood in the
Columbia River basin. Information is needed to estimate the relative
i nportance of predation by northern sguawfish throughout the md and
lover Colunbia River and | ower Snake River reservoirs, and deternine if
and where predation control measures should be applied. Devel opnent of
a rapid assessnment "Predation Index" wll provide a relatively |ow cost
nmethod to determine if the magnitude of fish predation in other Colunbia
River basin reservoirs is simlar to that in John Day Reservoir.

Ongoi ng devel opnment of predator-prey nodeling will help us to understand
the dynami cs of systemw de predation and predict possible consequences
of predator renoval. A plan is necessary for the orderly devel opnent of
commercial, sport,orbounty fisheries on northern squawfish throughout
the Colunbia River Basin. Devel opnent of a plan to evaluate the
efficacy of predator control fisheries is essential for scientific
managenent . This research project will provide the foundation for
systemw de predation indexing and a conprehensive predator control
program
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The specific objectives of this study are: (1) to devel op an index
that can be used to estinate predation |osses of snolts in various
reservoirs throughout the Colunbia River basin; (2) to describe the
rel ati onshi ps anong predator-caused mortality of smolts and physical and
biological variables; (3) to examne the feasibility of devel oping
bounty, commercial or recreational fisheries on northern squawfish, and
(4) to develop a plan for the evaluation of the efficacy of predator
control fisheries (upgraded from Task 3.4, BPA-CDFW contract). A
detailed |ist of objectives and tasks were presented by Vigg and Burl ey

(1989) .

METHODS
Predat or Abundance | ndex

Conceptual |y, the predation index (Pl) is the product of a
predat or abundance conponent (A) and a consunption index (QO:

(1) PlI= ..C

W (ODFW are evaluating the feasibility and devel opi ng the methodol ogy
for A, and the U S. Fish and Wldlife Service (Poe and Nel son 1988) is

devel oping C.

In the Predator Control Project 90-077 Statenent of Work, we
proposed a sanpling design for boat sampling (electroshocking, ES; and
gill netting, G\) based on (a) obtaining a representative temporal-
spatial sanple, (b) obtaining sufficient fish specinens for baseline
bi ol ogi cal data, (c) obtaining sufficient catch per unit effort (CPUE)
sanmples for Predation Indexing, and (d) the amount of effort, boats, and
personnel that would be logistically feasible. The sanpling design we
proposed was 3 areas, 2 times, and a mininmumof 12 replicates per cell
for each of two sanpling nethods (GN and ES) for each reservoir (Table
A-1). The reservoir and additional tailraces proposed for sanpling were

Table A-l. Predator abundance indexing sanpling design, nunber of
replicates forboth electrofiohing and gill netting.
LOCATI ON
TI ME Forebay M d- Reservoir Tailrace
Early
(4/1 to 6/15) 12 12 12
(2 days) (2 days) (2 days)
Late
(6/16 to 8/31) 12 12 12
(2 days) (2 days) (2 days)
12




Bonneville, The Dalles, John Day, and McNary reservoirs, and Bonneville
and lce Harbor Tailraces. The mninmumtarget of 56 total sanples (12

replicates per cell, 3 areas in each reservoir and 1 area in each
tailrace) was what we thought was logistically feasible with two gill
net and two el ectrofishing boats and crews -- Wi thin the tinme constraint

of the April-August snolt out-nigration period.

A "bootstrap" enpirical analysis was conducted on the 1984-1986
gill net (n= 2,351) and el ectroshocker (n= 2,931) data bases. The index
val ues of these large data bases are considered to be the overall O
parametric CPUE value (#). The data sets were randomy sanpled within
the constraints of the sanpling design for 200 iterations. W defined
the accuracy of the estimate as the percent difference of the sample
mean from the paranetric mean {PD= (|& -p|/x)°100}. The nunber of tines
out of a hundred trials (or % of iterations) that the sanple index was
l ess than or equal to a given percent difference fromthe paranetric
index value (u # PD) is the probability of achieving that accuracy.

This method is analogous to a two-tailed statistical test of the sample
nmean equaling the paranetric nean within a given accuracy range (null
hypothesis, Hg: @& = pu * PD). The probability of achieving a given
percent difference would be anal ogous to (I-P), where P is defined (in
the statistical sense) as the probability of rejecting a true null

hypot hesis (Type | error).

The CPUE indices evaluated were (1) percent of zero catches, (2)
i ndex of zero catches {square root of relative frequency of zero
catches; Bannerot and Austin (1983)}, (3) nean of all catches, c (4)
natural logarithm of the catches, LN(¢), (5) mean of non-zero catches,
non-O, (6) LN(non-0). Conputer programs were witten in BASIC to
perform the anal yses; the procedure is outlined in Figure Al.

Fecundity-Size Relation

Northern squawfish gonad samples (n= 54) were collected fromthe
Columbia River, John Day Reservoir. The study site was described by
Vigg and Burley (1989). Gonad sanples were collected just prior to
spawning (6 June to 7 July). The follow ng data were recorded for each
fish: collection date, tine, location, fork length (nmm), total weight
(g) of the fish, scale sanple, sex, and gonad weight (g).

Gonads were renoved from 54 female fish, and placed in plastic
bags with labels and kept on ice. In the laboratory, fresh gonads were
wei ghed to the nearest 0.1 g using a dial-o-gram balance, After
wei ghing, fenale gonads were placed in jars and preserved in Gilson's
solution forlater fecundity determnations, Male gonad weights were
recorded and the testes were disposed of,

Fecundity was estimated by a gravimetric nmethod similar to that of
Wl fert (1969). The ovaries from 54 northern squawfish were stratified
by 25-mm | ength increments and used for fecundity analysis, Gilson's
solution was drained fromthe ovary sanples through a sieve (0.333 and
0270 nm that had been pre-weighed and tared on a Mettler pc 180 scale.
The eggs were rinsed with water to
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Figure A-1. fltow chart for using Programs 'CPUE-SZ' and *'SAMPL-$2'to perform a bootstrap analysis
of probabilities of detecting percent differences between CPUE indices based on a specified sampling
design versus the overall (parametric) value.




renove any renmining preservative. After rinsing, all excess tissue was
removed from the sample. Any eggs renaining clunmped together were
separated. The sieve was wiped dry with paper towels and the screen was
blotted from the underside to draw off excess water from the eggs. The
sanple was then weighed (¢ 0.001 g) and recorded. Three subsanples of
randomy mixed eggs were removed and weighed (£ 0.001 g). A subsanple
contai ning = 200 eggs was estimated for the subsanple amount (weights
varied anong sanples according to egg size). Each subsanple was counted
and the nunmbers recorded. Total nunmbers of eggs were cal cul ated by
direct proportion for both subsanple (Eg) and overall (F) fecundity

esti mat es:
wt N.L
(2) Fg= ., and
Wi
We . T Nj
(3) F= '
z Wi

where, W= total gonad wei ght (preserved), W;= weight of subsanple, Nj;=
nunber of eggs counted in subsanple, and ;= 1 to 3.

Egg dianmeter (¢ 0.01 mm) was neasured for each fish using a Bausch
& Lomb Zoom 5 microscope with ocular mcroneter. Five eggs fromeach of
3 subsanpl es per fish were measured in ocular units under a m croscope,
using a 1.5 zoom setting, then converted to mllimeters (1 ocular unit=
0.06 m). The nean egg diameter (Dy) for each fish was cal cul at ed:

z Di
(4) Dp= ’
15

where, Dj= dianeter of an individual egg (m), and ;=1 to 15.

Gonadal Somatic | ndex (GSI) was determ ned using the total weight
of the fish (W) neasured in the field prior to gonad renoval, and gonad
wei ght (W) neasured fresh in the laboratory (¢ 0.1 g). GSI was
caIcuIatgg as:

wg.lOO
(5) GSi=

We

The rel ati onshi ps between fish length and weight, fish size and
fecundity, and fresh versus preserved ovary wei ghts were deternined by
| east squares regression. Descriptive statistics (e.g., nean and
vari ance) and frequency distributions were also calculated for each

15
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variabl e. statGraphics and SuperCalc software were used for conputer
data anal ysis.

Year-class Strength Estimation Methodol ogy

A selective review of the available literature related to year-
class strengths was conducted. O the literature reviewed, those
met hods that used catch per unit effort as the primary data to estinate
year-class strengths were considered for-inclusion in our analyses.

The nethods for anal yzing year-class strengths conpared were: the
El - Zarka method (1959), the Extrapol ati on of cohort regression, nodified
from Gulland (1983), and the Rieman nethod (R eman and Beanesderfer
1988). A series ofconputer programs were developed to test the
sel ected methods for estimating relative year-class strengths using
basi ¢ catch data: nunbers of fish caught, and age of fish at capture.
W tested two general fish life history scenarios -- one, a fish species
that is recruited to the gear at age five and lives to be fourteen
(e.g., northern sguawfish), and the other, a fish species that is
recruited to the gear at age two and lives to be seven (e.g., walleye).
W systematically varied the input variables: popul ation size, and
nunmber of consecutive years data were collected. The effects of
popul ation structure were tested using three scenarios for northern
sguawfish life history (Figure A-2) and walleye life-history (Figure A~
3); we assuned the maxi num popul ation size for northern sguawfish was
ten times higher than that for walleyes, i.e., 1 nillion versus 100, 000.
The continuous time series of catch data was tested at 3, 7, and 11
years. For this analysis we sinplified the popul ation dynam cs that
woul d be seen in the actual ecosystemin an attenpt to isolate the
variables t ested. W used a conbination of both theoretical and
enpirical values for age specific nortality rates in the analysis. The
mortality val ues for age zero to age 5 northern sguawfi sh were derived
froma theoretical regressionline. The regression |line was constructed
by first determining the theoretical nunmber of age zero fish that woul d
be produced (average fecundity multiplied by total spawning fish). This
value was used as the Y-intercept (number of fish at age zero). Then
through successive iterations, an exponential decreasing |ine was
plotted fromthis point through age eight to obtain instantaneous
mortality esti mates for each age group (Dr. Sam Bl edsoe, Conputer
Sci ences Corporation, Personal Conmmunication). W used the
i nstantaneous nortality values derived fromthis regression for age zero
to age five fish. W used the values of age zero to age two fromthis
regression for the walleye life history scenario also. The
i nst ant aneous mortality estimates for northern squawfish after age §
were taken f rom Beanmesderfer et al. (1987, Table 5). W chose to
disregard the outlier nortality estimates of the age 7-8, 10-11, and 12-
13, and averaged the remaining estimates to get a nean mortality
estimate of 0.15. For walleye, we chose to use the data after age 2
from Beamesderfer et al. (1987, Table 12) to calculate a |inear
regression on these data to obtain the instantaneous nortality val ues
for each age group. A listing of the variables held constant during the
relative year-class strengths analysis are presented in Table A-2. W
tested each nethod using sinple
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Figure A-3.
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Table A-2. Potential variables held constant for relative year-class
strength anal ysis.

(1) The total sanpling effort for each year was constant.

(2) The sanple size for each year was constant.

(3) Catchability was constant for each age group through tine.

(4) we assumed no nissing data for any age group in our catch sanples.

(5) Age specific nortality was determned using a conbination of
theoretical and enpirical values.

(6) There was no stochasticity in the design of the test (i.e., there
was no randomvariability around the variables in the conputer
prograns).

correlation analysis to deternmine the ability of the nmethod to predict
the year-class structure of the theoretical population. Belowis a
brief summary ofthe nethods chosen for review in this analysis. The
assunptions of each of these methods are listed in Table A-3.

Table A-3. Assunptions of three year-class strength methods reviewed.

Assunption Met hod

(1) A standard sanpling design was used both a, b, c
spatially and tenporally.

(2) The effort wasstandardi zed for conparison a, b, ¢
bet ween years

(2) All age groups were fully recruited to the gear. b, ¢

(3) Age specific nortality was constant a, b, ¢
for age groups represented in the sanple

(4) Agegroups were the sane between a year-class a
and the previous year-class conpared

(5) Age specific catchability was constant between a, b, ¢
years

a. El-Zarka
h. Extrapol ation
c. Rieman

18




The El-Zarka (1959) nethod is an adaptation of the nethod used by
Hile (1941) to estimate annual fluctuations in growh rate. El -Zarka
(1959) used the adapted "Hile" nethod to assess the year-class strengths
of yellow perch, Perca flavescens (Mtchill), in Sagi naw Bay, Lake
Huron. The procedure was based on a series of conparisons in which the
abundance of each year-class was estimated in terns of the strength of
the preceding one. Fish were collected each year using commrercial trap
nets, fyke nets, and other gear (a mnor percentage). Al the fish used
for year-class strength analysis were aged and came fromthe sanples
coll ected duringMay or early June. The data were arranged into a table
by capture date and year-class. Each year-class strength was estinated
by conparing the age groups represented in that year-class with the same
age groups represented in the preceding year-class. The first year-
class data is given an arbitrary value of zero, and subsequent year-
cl asses are determined by the successive addition of the percentage
difference. The percentage difference is then subtracted fromthe nean
percent difference to arrive at the relative year-class strength index.

In "Fish Stock Assessnment: a Manual of Basic Methods", by J.a.
Gulland (1983); A nethod to estimate nortality rates using catch of the
same year-class (cohort of fish in successive years) is discussed
Gven certain assunptions, the relative year-class strength could be
estimated by extrapolation back to the y-axis. Here defined as the
Extrapol ation Method. The procedure uses CPUE data for individual year-
classes plotted on a logarithmc scale against age, The CPUE at age
zero can be read fromthis graph, back transforned to an arithnetic
mean, standardized to 100, and then used as the index for between year-
cl ass conparisons.

The Rieman nethod (Rieman 1987) wused a regression approach to
estimate relative year-class strengths fromannual catch curves. A
nortality estimate was made using a linear regression (log, nunber of
fish vs age ofthe fish) with all years of catch curve data conbined.
The residuals of the catch data were calculated. These residuals were
back transforned to an arithnetic scale, standardized to a nean of zero
and the standardi zed nmean residual value for each year-class was used as
t he index:

(6) Index = e (1nNd - 1lnNp)

where Nd is the individual data point and Np is the predicted val ue
using the derived equation

(7) 1n (Np) = b + m(A).

where Ais the age of the fish, bis they intercept, and mis the
mortality estimte
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Age Determination Precision

Final age determinations were made for northern squawfish caught
in bottomgill nets (n= 102) by aging the entire group three times and
taking the average age for each fish. W tested for differences in the
neans of the first aging (n= 108) which appears in Vigg and Burley
(1989) with the final aging using the t test. No further analysis was
conducted on the wall eye aging due to a small sanple size (n= 13) Vigg
and Burley (1989).

Precision estimates of aging northern sguawfish scales were
conpl eted using the methods of Chang (1982). The reader aged the scale
sanples (n= 153) three times independently. The average percent error
(APE) , Equation 8, and the coefficient ofvariation (CV), Equation 9,
were used as indices to describe the reproducibility of age
det er mi nati ons.

1 R |xij - x3|
(8) APE= -z * 100
R i=1 X3

Where Xij is the ith age measurenent of the jth fish, Xj is the nean age
of the jth fish and Ris the nunber of tine the jth fish was aged.

(9) cVv =
Where SD is the sanple standard deviation.

RESULTS
Predat or Abundance | ndex

Catch per unit effort (cPue) of northern sguawfish fromgill net
sanmples for the conbined 1984-86 data base have a skewed (negative
binomal) distribution with 38.6% zero catches, a nmean of 1.65 fish per
hour, and a variance of 5.76 (Figure A-4). The conbined CPUE data from
boat el ectroshockers during 1984-86 had an even nore skewed distribution
than that of gill nets (Figure A-5). The electroshocking data had 63.9%
zero catches, a mean of 1.17 northern sguawfi sh per 15-minute transect,

and a variance of 11.74. In contrast, by sanpling the "popul ati on" of
CPUE data with the "bootstrap" procedure, i.e., with 200 random
iterations of the proposed sanmpling design -- a relatively nornal
distribution of catches was achi eved forboth the gill net (Figure A-6)

and electrofishing (Figure A-7) data sets. The nean of the "bootstrap"
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Figure A-4. Frequency distribution of bottom-set gill net catches (raw data) in John Day Reservoir
during 1984-1986.
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Figure A-5. Frequency distribution of boat electroshocker catches (raw data) in John Day Reservoir
during 1984-1986.
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Figure A-6. Frequency distribution of bottom-set gill net mean based on the proposed sampling design
(3 areas, 2 times, 32 replicates) - fran 200 random samples of data from John Day Reservoir during
1984-1986.
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Figure A-7. Frequency distribution of boat electroshocker mean based on the proposed sampling design
(3 areas, 2 times, 12 replicates) - from 200 random samples of data from John Day Reservoir during
1984-1986.
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sanple for gill net data was 1.97 with a variance of 0.07. The symetry
of the 200 random sanples of the gill net cPUE data is indicated by the
nearly equal values ofthe different neasures of central tendency:

nedi an= 1.95, node= 2.10, geometric nean= 1.96 (Table A-4). LiKewi se
the electrofishing data had an arithnetic nean of 1.26, nedian of 1.23
mode of 1.12, and geometric nean of1.21, with a relatively |ow variance
(0.13). In contrast, the node of the raw data sets was zero for both
gill net and electrofishing sanples. The raw data sets also have high
neasures of asymmetry in terns of standardi zed skewness (gill net=
68.59; electrofisher= 145 51) and standardi zed kurtosis (gill net=

208. 75; electrofisher= 648.11).

Table A-4. Descriptive statistics for "raw' and "bootstrap" (mean
of 200 sanples, 12 replicates each, stratified by sanpling

design) data sets of catch per unit effort data for gill net and
el ectrofishing sanples collected in John Day Reservoir during 1984
- 86.
Gl Net El ect rofi shing
Statistic
Raw Boot strap Raw Boot strap

sanple Size 2,325 200 2,931 200
Mean 1. 645 1.972 1.168 1.259
Medi an 1.0 1. 948 0 1.229
Mode 0 2.101 0 1.120
Geom Mean - 1. 955 - 1. 209
Vari ance 5.761 0. 066 11. 739 0.133
Std. Dev. 2. 400 0. 257 3.426 0. 364
Std. Error 0. 050 0.018 0. 063 0. 026

M ni mum 0 1.242 0 0.581
Maxi mum 27 2. 547 48 2.611
Low. Quartile 0 1.787 0 0.980
Upp. Quartile 2 2. 146 1 1.463
Skewness 3. 46 0.175 6.584 0.835
Std. Skewness 68. 59 1. 001 145.51 4.823
Kurtosis 21.09 -0. 378 58. 65 0. 964
Std. Kurtosis 208.75 1. 092 648. 11 2.784

The enpirical "bootstrap" method was used to anal yze the proposed
sanmpling design; i.e., six cells (three reservoir areas .two time
periods) and 12 replicates per cell. The Index-O (square root of
relative frequency of zero catches, Bannerot and Austin (1983)) and the
Ln(non-0) indices (natural |ogarithmof the non-zero catches) were much
nore efficient in estimating the paranetric index values of the gill net
data base conpared to the mean CPUE estimator (Figure A-8). Both the
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Figure A-8. Comparison of three CPUE indices for bottom set gill net samples; based on the proposed
sampling design {3 areas, 2 times, 12 replicates) from 200 random samples of data from John Day
Reservoir during 1984-1986. { CPUE index methods: + = Index-O; § = mean Ln(non-0) ; x= mean catch
per unit effort }

I ndex- O and Ln(non-0) denonstrated over a 90% probability of estimating
within t 15% of the paranetric index value (ug). The mean CPUE index was
much less sensitive; it could only estimate the paranetric mean CPUE
within £ 50% at probabilities greater than 90% A sinilar analysis on
el ectrofishing data showed that the Index-O percent of zero catches,
and Ln(non-0) were all accurate estimtors of parametric index val ues
(Figure A-9); i.e.,, each of these three indices are capable of
accurately estimating the parametric index- value (g £ 15% 90% of the
time. As inthe gill net data, the mean el ectrofishing CPUE was | ess
sensitive, but could still estimate g £ 50% with a 90% probability.
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Figure A-9. Comparison of four CPUE indices for boat electroshocker samples; based on the proposed
sampling design (3 areas, 2 times, 12 replicates) from 200 random samples of date from John Day
Reservoir during 1984-1986. { CPUE index methods: + = Index-0; l = percent of zero catches; X= mean
Lntnon-0); inverted A= mean catch per unit effort>

W also conducted "bootstrap" analysis to evaluate the statistical
efficacy of varying sanple size per replicate (2 to 24) of six CPUE
i ndices for bottom set gill net sanples based on the proposed spatio-
tenporal sanpling design (3aeas,2 tines); this analysis was based on
200 random sanmpl es of the data base from John Day Reservoir during 1984-
1986 (Appendix A-1). A similar sanple size analysis was conducted for
the el ectrofishing cpUE data base (Appendix A-2). The Index-O and nean
Ln(non-0) indices approached an asynptotic-Type | error (P c 0.10) at an
accuracy of u $10-20%. The effective sanple size for Index-O to achieve
10% accuracy is 10-12 replicates per cell for both gill nets (Appendix
Figure A-1.2) and boat electroshocker (Appendix Figure A-2.2). Maxinum
sampling efficiency for the nean of log of non-zero catches at 20%
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accuracy was achieved for gill nets at 12 replicates per cell (Appendix
Figure A-1.5), and at 14 replicates per cell for boat electrofishing
(Appendix Figure A-2.5). Sampling efficiency for nmean gill net CPUE
asynptotes at 12 replicates per cell for a 50% accuracy (Appendix Figure
A-1.3); accuracy of 20% or better cannot be achieved by mean CPUE (at P
< 0.50), regardless of sample size. Likewise for electrofishing, 12
replicates per cell approached maximum sanpling efficiency at 50%
accuracy and P < 0.50 (Appendix Figure A-2.3).

Fecundity-Size Relation

The average characteristics of fermale northern squawfi sh coll ected
for gonad analysis were: a fork length of 399 mm total weight of 901 g
ovary weight of 94 g, GSI of 9.8%, fecundity of 50,521 eggs, and egg
di ameter of1.2 mm  The reproductive characteristics generally varied
by size group (Table A-5). The observed range in fecundity was

Tabl e A-5. Mean val ues of biological characteristics of fenale
nort hern squawfish used for gonad analysis stratified by fork
l ength group

Fork Length n Fi sh Fi sh Ovary GSI Fecundity Egg

Range Lengt h Wei ght Wei ght Di amet er
(mm) (rm) (9) (9) (%9 (nunmber) (mm)
276- 325 7 307.4  355.7 15.5 3.6 17,616 0.97
326- 375 13  355.8 588.8 54.5 9.0 35, 702 1.22
376- 425 11 392.5 777.2 84.4 11.0 55, 457 1.29
426- 475 18 448.7 1261.7 149.3 11. 7 66, 688 1.24
> 475 4  487.5 1456.5 124.3 10.1 66, 059 1.15
Mean: 398.5 901.4 93.6 9.8 50, 521 1.20

Sanpl e Size: 53 52 54 52 54 54
Standard Dev.: 56.6 382.3 61.5 4.3 25,984 0.23

from 8,337 eggs in a fish 307 nmin length to 114,781 in a 483 nm fish
Fish weight was the best predictor of fecundity, and the relation was
best described by a (nearly linear) power model (Table A-6).

Consi derabl e variation in fecundity occurred within a given fish size
range; only 57%of the variation in fecundity was statistically
accounted for by fish weight (Figure A-10). The within-fish replicate
counts, however, were relatively precise; i.e., the replicate fecundity
estimates had an average of 7.6% coefficient of variation (CV)
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Tabl e A-6. Model ed rel ati onshi ps between various size and
reproductive variables of a sanple of female northern squawfish
collected for gonad analysis from John Day Reservoir, 5 June to 7

July 1989
Citerion/ 2
Predi ct or Model I nt er cept Sl ope df r R
Vari abl es
Fish Weiaht:
Fi sh Length
Li near -1750. 4 6.6214 51 0. 958 0.918
Power 0. 00000386 3.20392 51 0.974 0. 949
Fecundity:
Fish Length
Li near -70438.7 304. 479 52 0.661 0.437
Power 0. 0016 2. 86933 52 0.704 0.496
Fi sh Wi ght
Li near 7702. 4 48. 625 51 0.717 0.514
Power 76. 446 0. 94949 51 0. 753 0. 567
Fresh Gonad Wi ght
Li near 26575. 9 257. 238 52 0. 608 0. 370
Power 5797.72 0.47701 52 0.742 0. 550

Gonadal Sonatic | ndex:

Fi sh Length
Li near -4. 42362 0. 03560 51 0. 455 0. 209

Power 0. 000015 2.21127 51 0.544 0.296

Fresh Gonad Wi aht:

Fi sh Wi ght
Li near -25.1729 0.13420 51 0. 833 0.693

Power 0. 00071 1. 71573 51 0. 862 0.743

preserved Gonad Wi aht

Fresh Gonad Weight
Li near 12. 8255 0. 52639 52 0.851 0.725

Power 0. 9481 0.92225 52 0. 939 0. 881
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Figure A-10. Power model (Y= axb) of fecundity related to fish weight fran a sampte of 52 female
northern squawfish collected from John Day Reservoir, 5 June to 7 July 1989.

Ovary weight increased with fish weight over the entire size
range. The percentage ofovary weight to sonmatic weight, however,
increased from about 3.6% in 300 nmfish to 11% in 400 mm fish and then
| evel ed off. No significant relation was observed between egg size and
fish size, e.g., the linear relatign between egg diameter and fish
wei ght had a slope of0.0001 and R of 0.04. Mean egg diameter was
relatively constant by fish size group, i.e., 0.97 mmfor fish 276 to
325 nmmin length and about 1.23 mm for larger fish. Replicate egg
di aneter measurenents within fish, however, were quite variable (nmean
CV= 24.5%). The frequency distribution of-individual measurenents
illustrates the wide range of egg sizes (0.25 to 2.15 mm, and a poly-
nodal distribution of egg diameters (Figure A-11).

29




NUMBER
R EEEEREER:
]

=S 5 B 8 La5 125 145 165 185 205
EGG DWAMETER (mm)

Figure A-11. Frequency distribution of 810 egg di anmeter measurements (15
eggs per fish) froma sanple of 54 fenale northern squawfish coll ected
from John Day Reservoir, 5 June to 7 July 1989

Year-class Strength Estimation Methodol ogy

Foral |l methods, estimated year-class strength correlated well
with known initial population size when tested using the northern
squawfish life history scenario and the random popul ati on structure at
all levels of catch data; correlation coefficients ranged from0.868to
0.995 (Table A-7). There was no significant difference in correlation
coefficients between nethods at three years of catch data using the
random t heoretical population structure (P < 0.05). Using seven years
of catch data, resulted in either the Extrapolation orthe R eman
nmet hods out-performing the El-Zarka nethod at correlation with the
random theoretical population. Using 11 yrs of catch data and the
random popul ation structure, the Ri eman method estinmates correlated the
bestwith the theoretical population. None of the methods appear to be
robust when using the theoretical population structure having an
increasing trend. At three years of catch data the Extrapol ation give8
the bestcorrelation of any nmethod at any number of years of catch data
(Table A-7). The methods al so | ack robustness when | ooking at the
theoretical population structure with a decreasing trend at three years
of catch data. At seven and 11 yrs of catch data the Extrapol ation
nmet hod correlates best at r= 0.8968 and r= 0.9873 respectively (Table
A-7). The graphic representation of each index at each popul ation
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Table a-7. Correlation values of each year-class strength nethod
conpared to the theoretical population structures using the
northern sguawfish and walleye |life history scenarios.

Fi sh species: Popul ation Structures

Years Met hod* Random I ncreasing Decr easi ng
of Trend Trend

Catch

Northern Scnawfi sh:

3 1 0. 9003 0.5769 -0. 1633
2 0.9824 0.7942 -0.7274
3 0. 8789 0.0874 0.0149
7 1 0. 9035 0.5331 0. 0549
2 0. 9829 -0. 2282 0. 8968
3 0.9924 0. 3215 0. 0601
11 1 0.9021 0. 4859 0. 3448
2 0. 8681 -0. 8421 0.9873
3 0. 9954 0.4188 0.1641
Wl leves:
3 1 0.8396 0. 4338 0.0590
2 0.9855 -0.9994 0.9835
3 0.9891 0. 0250 0. 6408
7 1 0.7320 0. 3814 0.1757
2 0.7091 -0.9840 0. 9689
3 0. 8035 0. 2998 0. 2151
11 1 0. 8465 0.386% -0.9385
2 0.5144 -0.9471 0.9697
3 0.9812 0. 6242 -0. 7637
* 1 = El-Zarka
2 = Extrapol ation
3 = Rieman
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scenario and at each number of years catch data are presented in
Appendi x A-3

Using the walleye life history scenario with the random population
structure at three years of catch data, the Extrapolation and Ri enman
met hods correl ated better than the El-Zkka nethod r= 0.9855 and 0.9891
respectively (Table A-7). There was no significant difference in
correlation coefficients between the nethods at seven years of catch
data (P < 0.05). At 11 years of data the Rieman nethod proved to be the
best at correlating with the randomtheoretical population structure (r=
0.9812). \Wen testing the methods with an increasing trend in
popul ation size none of the nethods correlated well, with the R eman
nmet hod the best at 11 years of catch data (r= 0.6242). \Wen the methods
were tested using a decreasing trend in popul ation sizes the
Extrapol ation nethod correlated best at all levels of catch data

Age Deternination Precision

The final age determinations of northern squawfish using scale
sanples had a range of 4 to 14 years (Figure A-12). W found no

40
n= 102

10-

4 5 6 7 8 9 10 11 12 13 14
AGE

Figure A-12. Age structure of northern squawfish caught im-bottom gilt nets from final age
determinations.
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significant difference (t= 0.796, P= 0.05) between the means of the
prelimnary aging of northern sguawfi sh caught with bottom gill nets
(nmean= 7.6) conpared to the final aging (mean= 7.3).

The precision estimates of aging northern sguawfish (n= 153)
caught in bottomgill nets and by angling from McNary Dam tailrace were
APE= 7.38% and Cv= 0.0992 (Appendix A-4).

DI SCUSSI ON
Predator Abundance | ndex

This analysis was conducted to answer the question: Given the
proposed sampling design, i S the CPUE Predator Abundance Index feasible?
The criteria we used for judging feasibility was if the index can detect
a | ow enough percent difference fromthe paranetric CPUE measure at a
hi gh enough probability level to be used as a nmnagenent tool. Prior to
conducting this sanple size analysis, we assumed that a CPUE-based
Predat or Abundance Index could only detect "order of nagnitude”
differences; the regional consensus was that a Predator Abundance I ndex
had to have at |east order of magnitude accuracy to be of use to
managenment. W have now estimated the accuracy and the associated
probability of attaining that accuracy for various CPUE indices, based
on a large data base of northern squawfish CPUE collected with two
sanmpling nethods in John Day Reservoir during 1984-86. W& have
concl uded that various CPUE indices have high probabilities (> 90% of
estimating paranetric nmeans within 50% i.e., they are better than
"order of nagnitude" estimators. Therefore, CPUE nmeasures are
technically feasible methods to assess relative abundance of northern
sguawfish in Colunbia River reservoirs. Thus, fishery nanagers now have
nore infornmation to evaluate the utility of the Predator Abundance
| ndex.

The relations between the accuracy of the index (percent
di fference between the sanple CPUE estimate and the paranmetric CPUE
val ue) versus the enpirical probability of achieving that accuracy
(number of tines out of 100 "bootstrap” trials) provide standardized
criteria to judge the effectiveness of various Predator Abundance |ndex
methods, e.g., Figures A-8 and a-9. The point on the x-axis where the
curve approaches an asynptote represents the sensitivity of the CPUE
estimator; and the corresponding value of the y-axis represents the
probability that a given accuracy can be achieved, i.e., a neasure of
the uncertainty of the estimator. The accuracy-probability relations
can be used in two ways: (1) by setting the mninum accuracy that is
required (e.g., =20% p), one can see for a given sanpling nethod and
CPUE estimator what the probability of achieving that accuracy is; or
(2) by setting the degree of uncertainty that is acceptable (e.g., 80%
probability of achieving a given percent difference= a 20% Type | error)
-- one can see the maximum accuracy that is attainable. The curves
relating sanple size to probability for various accuracy |levels
(Appendices A-l and A-2) provided a way to evaluate the efficacy of the
proposed sanpling design in terns of required replicates per cell;
asynptotes of these curves represent the point of dimnishing returns,
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1.e., Where additional investment in sanpling effort does not result in
a reduction of uncertainty.

Based on the "bootstrap" analysis, we selected the Index-0O
(Bannerot and Austin 1983) and the nean of the log of non-zero catches
as the most sensitive indices of cPUE data (Figure A-13). From the

PROBABILITY (%)
B g 8

Bn

17 S 7 107 o 20 7/ 2 7/ 0 7 75 7 100 %
PERCENT DIFFERENCE (sample: population)

Figure A-13. Comparison of two selected indices (Index-0, and mean LN(non-zerc)} by sampling gear
type. { CPUE index methods by gear (ES= boat electroshocker and GN= bottom gill net): + = ES Index-
0; § = GN Index-0; inverted a= ES Ln{non-03; x= GN Ln(non-0) )

results of the sanple size analyses (Appendices A-1- and A-2), we
concluded that 12 replicates per cell were needed forthe nost efficient
indices {i.e., Index-O and Ln(non-0)} to have high probabilities (P <
0.20) of achieving high accuracy (difference fromus20%). The
standard nean CPUE is also a useful index if a high degree of accuracy
is not required; given 12 replicates percell, nean CPUE achi eved 50%
accuracy at P < 0.10.
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Fecundity-size Relation

The nmean fecundity of northern squawfi sh from John Day Reservoir
was 50,521 eggs per female, ranging from 8,337 to 114,781 eggs. This
estimate is sonmewhat higher than the fecundity range reported for
northern sguawfi sh from Lake Washi ngton, Washington -- 6,037 to 95,089
eggs (O ney 1975) and from St. Joe River, ldaho -- 2,700 to 75,000 eggs
(Reid 1971). Fecundity of our sanmple of northern sguawfish varied
nearly linearly with fish weight, however, the variability was high for
a given size group. * A ney (1975) al so observed a linear relation in
which fish weight accounted for about 77% of the variation in fecundity.
Factors such as egg devel opnent and thermal history may affect the
fecundity-size relationship. W propose that future studies use a
multiple log-linear regression nmodel to test the factors affecting
nort hern sguawfi sh fecundity (E) and reproductive potential:

(10) log F= log a + b log (XI) +c log (X2) + d log (X3),

where, Xi are independent variables such as fish weight, percent of egg
diameters over a threshold (ripe) size, and cunulative thermal wunits.

Mean ovary weight as a percentage of body weight (GSI) was 9.8%,
Wi th a standard deviation of 4.3%for our 1989 sanple. Vigg
(unpubli shed data) determined a mean GSI of about 7% forfemale northern
squawfish in John Day Reservoir during 1983 and 1986. In Lake
Washi ngton, the mean GSI for females was 9.9% (O ney 1975); and in the
St. Joe River GSI for females ranged from5 to 16% (Beanmesderfer 1983).

The nean dianeter of eggs in ripe ovaries of northern sguawfish
was 1.20 mm there was no apparent relation between fish size and egg
si ze. Substantial variation was observed within individual ovaries;
overal |l egg diameters had a poly-nmodal frequency distribution, ranging
from0.25 to 2.15 nmdianmeter. This variability in egg diameter
suggests that northern sguawfi sh ovaries contain eggs in various stages
of devel opment just prior to spawning. The stages ofova devel opnent in
northern sguawfish in terns of egg viability and reproductive potenti al
has not been studied.

Year-class Strength Estination Methodol ogy

Year - cl ass strength anal yses have been used as a relative neasure
to predict how popul ati on have responded to changes in biotic and
abiotic factors (Ritchie and Col by 1988; Koonce et al. 1977; Stevens
1977; Forney 1971). Specifically, one application of year-class
strength anal yses has been to indirectly assess factors that affect the
recruitnent of fish to a population relative to other recruitnent years
(Chevalier 1977). In large riverine-reservoir systems, actual
popul ation estinmates of age-group zero fish are usually not possible --
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therefore sone index nust beused to indicate the relative size of year-
classes. Catch per unit effort (cpuE) indices of relative abundance are
feasible to measure, and by collecting additional data, for exanple
scales or otoliths, age specific (cpuE) relations can be achieved.

The objectives of this analysis were to review the current nethods
enployed to deternine relative year-class strengths using catch data
generally collected (i.e., catch per unit effort and age conposition)
during a fishery and to conpare these nethods using correlation
anal yses. The end product being recomrendations as to which nethod
woul d be best suited for year-class strengths analysis under a given set
of conditions. W used the terns, theoretical population to be the
known year class val ues we assigned each year, age group to be the fish
of the same cal endar year represented in the catch data, and year-class
to be the fish spawned orhatched in a given year (Ricker 1975).

No single method was best at correlating with all conbinations of
theoretical population structures and nunmbers of years of catch data
The northern squawfish life-history scenario indicates that if year-
class strength varies in a random fashion through time, then any of the
met hods tested would be adequate given three years of catch data. Wth
additional years of catch data, both the Rieman or Extrapol ation nethods
yield better estimates of relative year-class strengths given the
assunption of this analysis

The results fromthe walleye life-history scenario (having |ess
age groups in the population than the northern sguawfi sh scenari o) show
that the Extrapolation or R eman methods should be used if only three
years of catch data are available; with the addition of nore years of
catch data, the R eman nethod woul d be best. \Wen we exanine the
results of the nethods in terns of their ability to predict relative
year-class strengths with theoretical population structures that have
definite trends, we observed that the nethods respond erratically and
that the bestnmethod to useis not readily apparent.

El - Zarka (1959) patterned his analysis of year-class strengths
after Hile (1941). The rational forRile to use successive accumrul ation
ofthe percent difference nakes sense biologically because each years
growth is an addition to the sumof the previous years ofgrowh. This
rati onal does not hold true for the El-Zarka nethod however, since a
given year-class strength does not include a sunmation of previous year-
class strength. This discrepancy of logic could account for the overal
| ow correlation values seen using the El-Zarka method to predi ct
relative year-class strengths. The Extrapol ation nmethod, proved, to be
a good nmethod to use given the assunption that the population to be
tested has random fluctuations in year-class strength. Care should be
t aken when using this nmethod due to the fact that the smaller fish just
after recruitnment have a sonewhat hi gher natural mortalitythan the
stock as a whole, however, if the age specific nortality rates are the
sane this should be minimzed. Caution should also be used when
extrapol ati ng back from the observed catches to the y-intercept,
especially if the fish are not recruited to the gear for several years.
This coul d possibly underestinate the absol ute nunber of recruits; the
relative year-class nurmbers however, should be unaffected. The Rienan
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net hod al so correlated well in those cases where year-class strengths
varied in a random fashion and woul d be the best overall choice provided
the assunptions that age specific nortality and catchability are
constant through tine are net. Thus, any deviation of the data fromthe
mortality line is due to fluctuations in year-class strength.

The results fromthe anal ysis show that all variables tested
affect the ability of all the methods to predict relative year-class
strengths to sonme extent and that these factors need to be taken into
account when choosing the correct method. for analysis. Future analysis
that woul d test additional variables, such as those listed in Table A-2,
with these nmethods could give us explanations forthe unexpl ai ned
shortconmings of the nethods, and by adding stocasticity to the
variables, we could approximate the variability seen in nature.

Age Determination Precision

After conpletion of aging the northern squawfish collected in
the bottom gill net’s, we found that the final scale aging by the same
reader (C.C. Burley) was not significantly different fromthat of the
prelinmnary aging reported by Vigg and Burley (1989). Six of the scale
sanpl es were excluded fromthe final age analysis, however, due to
irregularities in those scales

For determining the precision of scale aging by our reader (C C
Burl ey) we added northern squawfi sh scal e sanples collected fromthe
McNary Dam tailrace boat restricted zone. These fish were significantly
| arger and ol der than those fish collected by bottomgill nets in the
main reservoir (Vigg and Burley 1989). This allowed us to test the
precision of aging fish scales using a larger sanple size with the ol der
fish better represented

A common techni que forassessing the precision of fish age
determnations fromscale sanples is to conpare the percent agreenent of
age determnation by several readers, as discussed by Beamish and
Fourni er (1981), and Chang (1982). This nethod does not eval uate the
degree of precision equally for all fish species. For exanple an
agreenent of 95% 1 yr for a species that is represented by only a few
young year-classes would be relatively poor conpared to 95% agreenment =1
yrfor a fish with nany ol der year-classes represented in the fishery.
Beamish and Fournier (1981) use the average percent error as an index of
preci sion, however, as Chang (1982) points out, this index assumes that
the range of fish year-classes available to the fishery increases in
proportion to the average age of fish in the fishery. A better index of
the reproducibility of age determ nations is to use the coefficient of
variation because variance is a better estimtor than absol ute
difference as it is an unbiased and consistent estimator.

The precision estinmates of our reader aging northern squawfi sh was
better than 90 percent. The error in aging fish scales should be
consi dered when applying these results to population statistics. The
key to precision in estinates of fish age relies on the ability to
consistently apply the established criteria for assigning an annulus.
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In order to meet this goal, trained personnel using conmon methods and
term nol ogy must be applied.

Summary and Concl usi ons

(1) The predator abundance index was determined to be feasible in terms
of sample size required to detect significant differences in various
measures of catch per unit effort (CPUE), given the spatio-tenporal
sanpling design stratified by three reservoir areas (forebay, mid-
reservoir, and tailrace) and two tine periods (early and |ate season).
The I ndex-0O and Ln(non-0) were the nost accurate indices of CPUE.
Several facts lead us to these conclusions:

(a) Overall gill net catches have a skewed (negative binonial)
distribution with 38.6% zero catches and a nmean of 1.65 catch per
hour .

(b) Overall electroshocker net catches have a nore skewed
(negative binomal) distribution with 63.9% zero catches and a
mean of 1.17 catch per transect.

(c) Means of the 200 random sanples of the 1984-86 John Day
Reservoir data base forboth gill net and el ectrofisher sanples
had relatively normal frequency distributions.

(d) Untransforned cpuE (nean-all) detected better than order of
magni tude differences in index values at high probabilities, but
was the least sensitive index. Gven 12 replicates per cell, mean
CPUE coul d detect a 50% difference (p= 0.03) for gill net sanples,
and could detect a 75% difference (pP= 0.03) for the

el ectroshocker sanpl es.

(e) By dividing the catches into two conmponents (1) zero catches

and (2) non-zero catches -- two sensitive CPUE indices could be
derived. The index-0 and LN(non-zero) were the npbst sensitive
indices for both gill nets and el ectroshocker.

(f) Gven the proposed sanpling design and the two proposed CPUE
indices, the Predator Abundance Index is feasible for detecting 10
to 20% differences. Forgill net sanples, the Index-O could
detect a 10% di fference (p= 0.20), and the LN(non-zero) index
could detect a 10% difference (p= 0.26). For el ect roshocker
sanmples, the Index-O could detect a 10% difference (P= 0), and the
LN(non-zero) index could detect a 10% difference (p= 0.25).

(g) Based on the asynptotes of the probability-samle size

curves, 12 replicates per cell appears to be near the optinmm
sanple size for the proposed sanpling design for both gill net and
el ectrofishing sanples. )

(2) The analysis of 54 female northern sguawfish gonads in pre-spawning
condition denonstrated considerable unexplained variability in the
fecundity-size relation and within-fish egg size.
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(a) Mean fecundity was 50,521 eggs per female, with a standard
deviation of 25,984 eggs. Fecundity varied nearly linearly wth
fish weight, and ranged from 8,337 to 114,781 eggs. Factors such
as egg devel opnent and thermal history may affect the fecundity-
size relationship and the reproductive potential of the

popul ati on.

(b) Mean ovary weight as a percentage of body weight (GSI) was
9.8%, With a standard deviation of.4.3%.

(c) Mean egg dianmeter was 1.20 nm with a standard deviation of
0.23 mm Egg diameters had a poly-nodal frequency distribution
showi ng several stages of egg devel opnent occurring within the
ovary prior to spawning.

(3) O the nethods tested to estinmate relative year-class strengths,
the results of the R eman method had the highest correlations with the
theoretical population forboth the northern squawfish and walleye life
history scenarios when using the random popul ati on structure.

(a) The Rieman Method estimates had correlations with the known
nort hern sguawfi sh theoretical random popul ation structure of r=
0.89, 0.99, and 0.99 for data time series of 3, 7, and 11 years,
respectively; for the walleye life history scenario, the
respective correlations were r= 0.99, 0.80, and 0.98.

(o) The three methods varied greatly in their ability to predict
rel ative yearclass strengths when tested using theoretical
popul ation structures having either increasing or decreasing

trends.

(4) Aging northern sguawfish using scales as the aging structure was
found to have an average percent error of 7.38%and a coefficient of

variation of 0.0992.

(a) The final age determination of the fish sanpled in the John
Day Reservoir showed a range of 4 to 14 years.

(b) Ve found no significant difference (P= 0.05) between the nean
age determination of northern squawfish, caught in bottom gill
nets, during the prelimnary aging (7.6 years) reported in Vigg
and Burley (1989) with the final mean age determnation (7.3

years) reported here.

39




REFERENCES

Bannerot, S.P., and C. B. Austin. 1983. Using frequency distributions of
catch per unit effort to measure fish-stock abundance.
Transactions of the American Fisheries Society 112:608-617.

Beanesderfer, R C. 1983. Reproductive biology, early life history, and .,
m crohabitat of northern squawfish, ( ' | in
the St. Joe River, Idaho. Master's thesis. University of I|daho,
Moscow | daho, USA. 144 pp.

Beanmesderfer, RC, B.E Reman, J.C. EHliott, AN Ngro, and D.L.
Vard. 1987. Distribution, abundance, and popul ation dynanics of
northern squawfish, walleye, snallnouth bass, and channel catfish
in John Day Reservoir, 1986 Annual Progress Report. (Contract DE-
A179-82BP35097) to Bonneville Power Administration, Portland,
Oregon.

Beamish, R.J. and D.A. Fournier. 1981. A nethod for conparing the
precision of a set of age determnations. Canadian Journal of
Fi sheries and Aquatic Sciences. 38: 982-983.

Bl edsoe, L.J. 1989. Col unbia Ri ver Ecosystem Model -- Mdeling approach
for evaluation of control of northern squawfish popul ations using
fisheries exploitation. Statenment of Wrk, Subcontract to Project
82-012, Developing a predation index and evaluating ways to reduce
salmonid | 0sses to predation in the Colunbia Basin. oregon
Department of Fish and Wldlife, Contract Number DE-AI79-88BP92122
with Bonneville Power Admnistration, Portland, Oregon.

Bl edsoe, L.J., S. Vigg, and J.H Petersen. 1990. Sinulation estinates of
salmonid predation loss to northern squawfish in a Colunbia River
reservoir. Appendix DI. In A A Ngro, editor. Developing a
predation index and evaluating ways to reduce juvenile salmonid
| osses to predation in the Colunbia River Basin. 1990 Final
Report. Contract DE-AI79-88BP92122, Bonneville Power
Admini stration, Portland, OR

Chang, W.Y.B.1982. A Statistical nethod for evaluating the
reproduci bility of age determi nation. Canadian Journal of
Fi sheries and Aquatic Sciences 39:1208-1210.

Chevalier, J.R 1977. Changes in walleye (Stizostedion vitreum vitreum)
population in Rainy Lake and factors in abundance, 1924-75.
Journal of Fisheries Research Board of Canada. 34:1696-1702.

El - Zarka, s.E. 1959. Fluctuations in the population of yellow perch,
Perca fluvescens (Mtchill) in Saginaw Bay, Lake Huron. U S. Fish
and Wldlife Service Fishery Bulletin 151:365-415.

Forney, J.L. 1971. Devel opnent of domi nant year-classes in a yellow
perch popul ation. Transactions of the American Fisheries Society

100:739-749.

40




Gulland, J. A, Fish stock assessnent: a mmnual of basic nethods, Vol une
1. Fao/wiley Series On Food and Agriculture. New York: John WIey
and Sons; 1983.

Hanna, S. 1990. Feasibility of commercial and bounty fisheries. Report B
in AA Ngro, editor. Developing a predation index and eval uating
ways to reduce salmonid | osses to predation in the Col unbia Basin.
Oregon Departnent of Fish and Wldlife, Contract Number DE-AI79-
88BP92122. 1989 Annual Report to Bonneville Power Adm nistration,
Portland, Oregon.

Hile, R 1941. Age and growh of the rock bass, Aambloplites rupestris
(Rafinesque), in Nebish Lake, Wsconsin. Trans. Ws. Acad. Sci.,
Arts, and Lett., vol. 33, pp. 189-337.

Koonce, J.F., T.B. Bagenal, R F. carline, K E. Hokanson, and M Nagi ec.
1977. Factors i nfl uenci ng year-class strength of percids: a
summary and a model of tenperature effects. Journal of the
Fi sheri es Research Board of Canada 34:1900-1909.

Mat hews, S.B., T. Iverson, RW Tyler, and G Ruggeronne. 1990.
Eval uation of harvesting technol ogy for potential northern
sguawfi sh commercial fisheries in Colunmbia River reservoirs.
Report Cin AA Ngro, editor. Developing a predation index and
eval uati ng ways to reduce salmonid | 0sses to predation in the
Col unbia Basin. Oregon Departnent of Fish and WIldlife, Contract
Nunber DE-AI79-88BPS2122. 1989 Annual Report to Bonneville Power
Administration, Portland, Oregon.

O ney, F.E 1975. Life history of the northern sguawfish, Ptychocheilus
oregonensis (Richardson), in Lake Wshington. Mster's thesis.
University of Wshington, Seattle, Washington, USA. 75 pp.

NPPC (Northwest Power Planning Council). 1987. Colunbia River Basin Fish
and Wldlife Program Adopted Novermber 15, 1982, anended Cctober
10, 1984, and February 11,1987. Northwest Power Pl anning Council,
Portland, OR.

Reid, GE 1971. Life history of the northern sguawfish, Ptychocheilus
oregonensi s (Richardson), in the St. Joe River, l|daho. Master's
thesis. University ofldaho, Mscow, |daho, USA 61 pp.

Poe, T.P., and WR., Nelson. 1988. Mgnitude and dynam cs of predator-
caused nortality on healthy juvenile salmonids in Col unbia and
Snake River reservoirs. Statement of Work. (Contract No. a179-
82BP34796). Bonneville Power Adnministration, Portland O egon.

Ricker, WE. 1975. Conputation and interpretation of biological
statistics of fish populations. Fisheries Research Board of Canada
Bulletin 191.

Rieman, B.E. and R C. Beamesderfer. 1988. Popul ation dynamics of
nort hern squawfi sh and potential predation on juvenile sal nonids
in a Columbia River Reservoir. In T.P. Poe and B.E. Rienan,

41




editors. Predation by resident fish on juvenile salnonids in John
Day Reservoir, 1983-1986. Final Report (Contracts DE-Al79-
82BP34796 and DE-A179-82BP35097) to Bonneville Power

Adm ni stration, Portland, Oregon.

Ri eman, B.E., and R.c. Beanesderfer. 1990. Dynamics of a northern
sguawfi sh popul ation and the potential to reduce predation on
juvenile salmnids in a Colunmbia River reservoir. North Anerican
Journal of Fisheries Managenent 10:228-241.

Ritchie, B.J. and P.J. Colby. 1988. Even-odd year differences in walleye
year-class strength related to mayfly production. North Anerican
Journal of Fisheries Managenent. 8:210-215.

Stevens, D.E. 1977. Striped bass (Morone saxatilis) year-class strength
in relation to river flow in the Sacramento-San Joaquine Estuary,
California. Transaction of the American Fisheries Society. 106:34-
42.

vigg, S., and C.C. Burley. 1989. Developing a predation index and
eval uating ways to reduce juvenile salmonid | osses to predation in
the Colunmbia River Basin. Pages 5-221. In A A Ngro, editor.
Devel oping a predation index and evaluating ways to reduce
juvenil e salmonid | osses to predation in the Col unbia Ri ver Basin.
1989 Annual Report. Contract DE-AI79-88BP92122, Bonneville Power
Admi ni stration, Portland, OR

vigg, S., and C.C. Burley. 1990. Devel opment of a systemw de predator
control program stepwise inplenentation of a predation index,
predator control fisheries, and evaluation plan in the Col unbia
River Basin. Report A In A A N gro, editor. Developnent ofa
systemw de predator control program stepwise inplenmentation of a
predation index, predator control fisheries, and evaluation plan
in the Colunmbia River Basin. 1990 Annual Report. Contract
DE-BI79-90BP07084, Bonneville Power Administration, Portland, OR

vigg, S. and C.C. Burley. In Press. Tenperature dependent maxi num daily
consunption of juvenile salnonids by northern squawfish
{Ptychocheilus oregonensis)fromthe Colunbia River. Canadian
Journal of Fisheries and Aquatic Sciences.

Wlfert, DR 1969. Maturity and fecundity of walleyes fromthe eastern
and western basins of Lake Erie. Journal of the Fisheries Research
Board of Canada 26:1877-1888.

42




Appendi x A-I. Bootstrap analysis of six CPUE indices for bottomset gill
net sanples based on the proposed spatio-tenporal sanpling design (3
areas, 2 tinmes); and conparing the statistical efficacy of varying
sanple size per replicate (2 to 24) -- from 200 random sanples of data
from John Day Reservoir during 1984-1986.
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Appendix Figure A-1.1 Bottom gill net samples -- percent zero catches. { Percent difference
population-semple (PD): + = PD < 50%; [J = PD <20%; x= PD £ 10% ; inverted a= PD £ 5%
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Appendix Figure A-1.2 Bottan gill net samples -- square root (percent zero catches). { Percent
difference population-semple (PD): + = PD < 50%; ] = PD s20%; x= PD < 10X ; inverted a= PD £ 5% )
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Appendix Figure A-1.3 Bottom gill net sampites -- mean of all catches. { Percent difference
population-sample (PD): + = PD < 50%; JJ = M <20%; x= M 4 10% ; inverted A= PD £ 5% )}
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Appendix Figure A-1.4 Bottom gill net samples -- mean LN(all catches). { Percent difference
population-sample (PD): + = PD < 50%; ] = PD £20%; x= PD < 10% ; inverted A= PD £ 5% 2
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Appendix Figure A-1.5 Bottom gill net samples -- mean of non-zero catches. { Percent difference
population-sample (PD): + = PD < 50%; ] = PD <20%; x= PD < 10X ; inverted 4= PD $ 5% }
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Appendix Figure A-1.6 Bottan gill net samples -- mean LN(mon-zero catches). { Percent difference
population-sample (PD): + = PD < 50%; |} = PD $20%; x= PD < 10% ; inverted a= PD < 5% )
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Appendi x A-2. Bootstrap analysis of six CPUE indices for boat

el ectroshocker sanpl es based on the proposed spatio-tenporal sanpling
design (3 areas, 2 tines); and conparing the statistical efficacy of
varying sanmple size per replicate (2 to 24) - from 200 random sanpl es
of data from John Day Reservoir during 1984-1986.
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Appendix Figure A-2.1 Boat electroshocker samples -- percent zero catches. { Percent difference
population-sample (PD): + = PD < S50X; || = PD <20%; x= PD < 10% ; inverted a= PD £ 5% )
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Appendix Figure A-2.2 Boat electroshocker samples —- square root (percent zero catches). { Percent
difference population-semple (PD): + = PD < 50%; § = PD <20%; x= PD £ 10% ; inverted 4= PD £ 5% )
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Appendix Figure A-2.3 Boat electroshocker samples -- mean of all catches. { Percent difference
poputation-sample CIT) . + =PD < 50%; J = PD <20%; x= M < 10% ; inverted a= PD £ 5% )
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Appendix Figure A-2.4 Boat electroshocker samples -- mean [N(all catches). C Percent difference
population-sample (PD): + = M < 50% J= M <20% x= M £ 10% ; inverted = M < 5%
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Appendix Figure A-2.5 Boat electroshocker samples -- mean of non-zero catches. { Percent difference

population-sample (PD):

+ = m

s 50%; JJ = PD <20%; x= PD < 10% ; inverted 4= PD < 5% )
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‘ Appendix Figure A-2.6 Boat electroshocker samples -- mean LN(non-zero catches). { Percent
difference population-sample (PD): + =PD 5 50%; [ = PD <20%; x=PD < 10X ; inverted a= PD < 5% )
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Appendi X A-3. Figures of year-class strength mnethods
t heoretical population structures.
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Appendix Figure A-3.1.

decreasing trend in theoretical

corr

10 1= 152 193 14 5 X8 1977 198

El-Zarks method (3 yrs catch data) and the theoretical population data
(percent) using the northern squawfish scenario. A = random, B = increasing trend and C =

population structures.
Line = predicted values from the method, r =

Solid line = theoretical
elation coefficient.
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Appendix Figure A-3.2.

EL-Zarka method (7 yrs catch data> and the theoretical population data
(percent) using the northern squawfish scenario. A =

decreasing trend in theoretical population structures.

random, B = increasing trend and C =
line = predicted values from the method,

Solid line = theoretical

population, dotted
correlation coefficient.
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Appmdix Figure A-3.3. El-Zarka method (11 yrs catch data) and the theoretical population data

(percent) using the northern squawfish scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical

population structures. Solid line = theoretical population, dotted
line = predicted values from.the method, r= correlation coefficient.
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Appendix Figure A-3.4. Extrapolation method (3 yrs catch data) and the theoretical population data
(percent) using the northern squaufish scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid Line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.5. Extrapolation method (7 yrs catch data) and the theoretical population data
(percent) using the northern squawfish scenario. A = random, B = increasing trend and C =

decreasing trend in theoretical population structures. Solid line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.6. Extrapolation method (11 yrs catch-data) and the theoretical population data
(percent) using the northern squawfish scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.7. Rieman method (3 yrs catch date) and the theoretical population data
(percent) using the northern squawfish scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.8. Rieman method (7 yrs catch data) snd the theoretical population data
(percent) using the northern squaufish scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.9. Rieman method (11 yrs catch date) and the theoretical population data
(percent) using the northern squawfish scenario. A = random, 8 = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dotted
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.10.

theoretical population structures. Solid

1971

El-Zarka method (3 yrs catch data] and the theoretical
using the walleye scenario. A = random, B = increasing trend and C = decreasing trend in
line = theoretical

values from the method, r = correlation coefficient.
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Appendix Figure A-3.11.
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Appendix Figure A-3.12.

El-Zarks method (11 yrs catch data) and the theoretical population data
(percent) using the walleye life history scenario. A

decreasing trend in theoretical

line = predicted values from the method, r

B =

= random, = increasing trend and C =
population structures. Solid line = theoretical population, dashed
= correlation coefficient.
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Appendix Figure A-3.13. Extrapolation method (3 yrs catch-data) and the theoretical population data
(percent) using the walleye life history scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dashed
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.15. Extrapolation method (11 yrs catch data) and the theoretical population
data (percent) using the walleye life history scenario. A = random, B = increasing trend and C #=
decreasing trend in theoretical population structures. Solid line = theoretical population, dashed
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.16. Rieman method (3 yrs catch data) &nd the theoretical population data
(percent) using the walleye Life history scenario. A = random, B = increasing trend and C *
decreasing trend in theoretical population structures. Solid line = theoretical population, dashed
line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.17. Riemen method (7 yrs catch data) and the theoretical population data
(percent) using the walleye life history scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, dashed

line = predicted values from the method, r= correlation coefficient.
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Appendix Figure A-3.18. Rieman method (11 yrs catch datayand the theoretical population data
(percent) using the walleye life history scenario. A = random, B = increasing trend and C =
decreasing trend in theoretical population structures. Solid line = theoretical population, clashed
line = predicted values from the method, r= correlation coefficient.
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APPENDI X A-4. Precision estinate data using three replicate aging
of each northern squawfish (n= 153) by one reader.

Fish Replicates Aver age APE cv

# lst 2nd 3rd age

12 4 4 4 4 0 0

9 4 5 5 4. 6667 0. 0952 0.1237
84 5 5 4 4. 6667 0. 0952 0. 1237
8 5 5 5 5 0 0

23 5 6 4 5 0.1333 0.2
137 5 5 5 5 0 0

19 5 6 5 5. 3333 0. 0833 0. 1082
20 5 6 5 5. 3333 0. 0833 0. 1082
106 5 5 6 5. 3333 0. 0833 0.1082
111 6 5 5 5. 3333 0. 0833 0.1082
10 6 6 5 5. 6667 0.0784 0.1018
21 5 7 5 5. 6667 0. 1569 0. 2037
36 6 6 5 5. 6667 0.0784 0.1018
69 6 6 5 5. 6667 0.0784 0.1018
79 6 6 5 5. 6667 0.0784 0.1018
91 6 6 5 5. 6667 0.0784 0.1018
105 6 6 5 5. 6667 0.0784 0.1018
144 6 5 6 5. 6667 0.0784 0.1018
163 6 6 5 5. 6667 0.0784 0.1018
3 5 7 6 6 0.1111 0. 1666
4 5 7 6 6 0.1111 0.1666
5 6 6 6 6 0 0

7 6 6 6 6 0 0

17 6 6 6 6 0 0

31 6 7 5 6 0.1111 0. 1666
73 6 6 6 6 0 0

78 6 7 5 6 0.1111 0. 1666
82 5 7 6 6 0.1111 0.1666
99 6 6 6 6 0 0

124 6 6 6 6 0 0

147 7 6 5 6 0.1111 0. 1666
153 6 6 6 6 0 0

159 6 6 6 6 0 0

30 6 8 5 6. 3333 0.1754 0.2411
64 7 7 5 6. 3333 0.1404 0.1823
76 7 8 4 6. 3333 0.2456 0. 3286
81 7 6 6 6. 3333 0. 0702 0.0911
94 7 6 6 6. 3333 0. 0702 0.0911
98 7 7 5 6. 3333 0.1404 0. 1823
123 8 6 5 6. 3333 0.1754 0.2411
148 7 6 6 6. 3333 0. 0702 0.0911
152 7 6 6 6. 3333 0. 0702 0.0911
155 7 6 6 6. 3333 0. 0702 0.0911
160 6 7 6 6. 3333 0. 0702 0.0911
1 6 7 7 6. 6667 0. 0667 0. 0866
27 7 7 6 6. 6667 0. 0667 0. 0866
39 7 7 6 6. 6667 0. 0667 0. 0866
57 7 7 6 6. 6667 0. 0667 0. 0866
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87 9 8 7 8 0. 0833 0.125
89 9 8 l 8 0. 0833 0.125
157 9 7 8 8 0. 0833 0.125
141 8 8 9 8. 3333 0. 0533 0.0692 .
72 9 9 8 8. 6667 0.0512 0. 0666
72 8 10 8 8. 6667 0.1025 0.1332
9018 10 8 8 8. 6667 0.1025 0. 1332
136 9 9 8 8. 6667 0. 0512 0. 0666
54 9 9 9 9 0 0

63 9 10 8 9 0. 0740 0.1111
143 9 10 a 9 0. 0740 0.1111
161 10 9 a 9 0. 0740 0.1111
138 10 10 9 9. 6667 0. 0459 0. 0597
142 10 10 9 9. 6667 0. 0459 0. 0597
170 10 10 9 9. 6667 0. 0459 0. 0597
45 10 11 9 10 0. 0666 0.1
9001 10 10 10 10 0 0

9006 9 11 10 10 0. 0666 0.1
9013 10 10 10 10 0 0

9021 11 10 9 10 0. 0666 0.1

86 11 11 8 10 0. 1333 0.1732
9005 11 10 10 10. 3333 0. 0430 0. 0558
9007 10 10 11 10. 3333 0. 0430 0. 0558
110 11 10 10 10. 3333 0. 0430 0. 0558
53 11 11 10 10. 6667 0. 0416 0. 0541
42 11 12 10 11 0. 0606 0. 0909
60 10 11 12 11 0. 0606 0. 0909
83 11 11 11 11 0 0

9002 11 11 11 11 0 0

9004 11 11 11 11 0 0

100 11 11 11 11 0 0

158 11 11 11 11 0 0

46 11 12 11 11. 3333 0. 0392 0. 0509
9015 12 12 10 11. 3333 0.0784 0.1018
118 12 12 10 11. 3333 0.0784 0.1018
133 12 12 10 11. 3333 0.0784 0.1018
9016 12 10 13 11. 6667 0. 0952 0. 1309
154 12 12 11 11. 6667 0. 0380 0. 0494
37 13 13 10 12 0.1111 0. 1443
164 13 13 10 12 0.1111 0. 1443
9003 13 13 12 12. 6667 0. 0350 0. 0455
9020 12 12 14 12. 6667 0.0701 0.0911
58 16 11 12 13 0. 1538 0. 2035
61 14 12 13 13 0. 0512 0.0769
112 13 13 13 13 0 0

113 13 13 13 13 0 0

a7 13 15 13 13. 6667 0. 0650 0. 0844
65 14 14 13 13. 6667 0. 0325 0. 0422
119 14 13 15 14 _0.0476 0.0714
108 15 13 15 14. 3333 0. 0620 0. 0805
68 16 16 14 15. 3333 0. 0579 0. 0753
Tot al 153 7.97821 0. 0737 0. 0992
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ABSTRACT

We report on our research conduct from February 1989 through May 1990 on the
analysis of feasibility of commercial and bounty fisheries for northern squawfish
(Ptychocheilus oregonensis). Northern squawfish were provided to this project by the
Predation Project of Vigg and Burley (this volume) and by the Harvest Technology
Project of Mathews (this volume). Samples of northern squawfish were provided to the
Oregon Department of Environmental Quality for contaminant testing. Contaminant
levels tested so far indicate levels below FDA Action Levels.

We made contacts with several fish vendors and processors to outline a range of
alternative end uses for northern squawfish. These included restaurants, retail markets,
bait, multiple-use processing, fish meal, and animal feed. Northern squawfish were
available for utilization testing from June 22, 1989 until August 10, 1989. During this
time we tested three end uses: restaurants, markets, and bait. The restaurant and
market trials were conducted with Asian businesses in the Portland area and in Salem.
Results of these trials indicate that although the flavor and texture of northern squawfish
was highly rated, boniness was a problem. Plans to introduce a minced, de-boned
product form to the market for testing were inhibited by a lack of supply of fresh
squawfish in Fall 1989. Frozen fish accumulated during the 1989 fishing season were
delivered during Fall 1989 to Inland Pacific Fisheries, Ontario, OR, for trial in a
multiple-use processing line.

An investigation into alternate market names was begun. A small number of carp

(Cyprinus carpio) and suckers (Catostomus spp.) were test marketed with squawfish.
The analysis of regulatory constraints to fishery development was begun and continued

throughout the year.
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INTRODUCTION

We began our research of the feasibility of alternative fisheries for northern
squawfish (Ptychocheilus oregonensis) on 1 February 1989. This report surnmarizes our
research activities and results during the first year of the project, until 31 May 1990. Our
objective was to begin the evaluation of the economic feasibility of commercial and
bounty fisheries on northern squawfish, and to assist the Oregon Department of Fish and
Wildlife (ODFW) in an evaluation of recreational fishery feasibility. This involved:

1. Testing various end uses for northern squawfish.

2. Assessing costs and returns of various end uses for northern squawfish.
3. Collecting data on transportation costs.

4. Assessing regulatory constraints.

Figure B-1 outlines these and other research tasks which comprise the Feasibility
Project.

METHODS

Sampling

This project involved sampling at both harvest and market sites. The harvest site
was the John Day Reservoir of the Columbia River. Populations of northern squawfish
were sampled in accordance with research objectives of two projects: the Harvest
Technology Project of Mathews et al. (1990) and the parent Predation Project of Vigg
and Burley (1990).

Northern squawfish were sampled by both the Predation Project and the Harvest
Technology project during an eight week period June 22-August 10, 1989. Samples were
provided to the Feasibility Project during this time period. Northern squawfish were
caught using hook and line, gillnets, and long lines at several locations in the John Day
Reservoir, as described in Mathews et al (1990). Fish size ranged from < 1 lb. to >3 1bs.
Samples averaged 236 lbs. Small samples of suckers and carp were also provided to the
feasibility project for market tests.

We sampled potential food market sites in Oregon urban areas. Because prior
marketing information indicated that primary markets would be found in Asian
communities, we limited our sampling efforts to the Portland and Salem areas, where
Oregon’s largest concentrations of Asians live. We visited Asian markets and restaurants
in these areas to explain the research aims of the project and offer northern squawfish
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deliveries to those markets and restaurants interested in using northern squawfish in
their businesses. \We contacted businesses of different sizes and with different customer
groups to get as representative a sample of businesses as possible.

We requested that businesses receiving deliveries of northern squawfish provide
us with information on handling costs, selling price, customer response and any other
relevant marketing factors. Each business filled out a data form for each delivery. W e
conducted follow-up interviews with each participating business at the end of the summer
delivery period. Constraints on the quantity of northern squawfish available limited the
number of project participants to seven at any one time. A total of nine markets and
restaurants cooperated with us over the entire sampling period. These businesses were
located in Portland, Beaverton, and Salem.

Other market sites were chosen on the basis of the location of processor facilities
for other identified end uses. Northern squawfish were provided to a fish buyer in
Dallesport, WA. to be sold as crayfish bait. An agreement was reached with
Bioproducts, Inc. in Warrenton, OR, to provide surplus fish from the summer’s fishery
for fish meal processing. We agreed to provide frozen fish accumulated throughout the
fishery to Inland Pacific Fisheries, Ontario, OR, for trial in a multiple-use processing
line.

Contaminant Tests

Before supplying northern squawfish for use as a food fish we wanted to ensure

. that contaminant levels were |ow enough for human consumption. We arranged with the
Oregon Department of Environmental Quality (DEQ) to include northern squawfish in’
fish tissue tests run in May. We delivered twelve fish of different ages to the DEQ’s
Division of Water Quality Planning. We requested that the DEQ test both northern
squawfish and carp fillets and organs for pesticides (PCB’s, chlordane, DDT derivatives)
and heavy metals (mercury, aluminum, lead, arsenic). The DEQ does not have testing
capability for either dioxins or radioactivity.

End Uses

After preliminary discussions with people knowledgeable about northern
squawfish and species with characteristics similar to northern squawfish, we decided to
test northern squawfish in several end uses: restaurants, markets, bait, multiple use
processing, processed fish feed and animal food. We contacted people involved with
each type of use, offering free deliveries of northern squawfish for trial in exchange for
data on costs and returns in each use.

Restaurants: Sacramento blackfish (Orthodon microlepidotus), a species similar
to northern squawfish, has been marketed in Chinese restaurants in the San Francisco
area (Kato 1987). Discussions with several people with experience in the San Francisco
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market indicated that the food fish market for northern squawfish would likely be an
Asian ethnic market. Northern squawfish is a bony fish; Asian consumers have a
relatively high tolerance for bones as well as a preference for freshwater fish. Contacts
were made with several Asian restaurants in the greater Portland and Salem areas to
assess interest in testing northern squawfish. We agreed to provide weekly deliveries of
northern squawfish during the eight week sampling period in exchange for information
on handling costs, sales price, and marketing problems.

Markets: For the reasons stated above, likely market sources for northern
squawfish sales were determined to be Asian markets. Several Portland and Salem
markets of various sizes were contacted. We agreed to provide weekly deliveries of
northern squawfish to these markets in exchange for information on handing costs, sales
price, and marketing problems.

Out-of-State Restaurants and Markets: We also talked with a fish buyer, a fish
broker, and a fish marketer about shipping northern squawfish to California for testing in
the San Francisco market.

Bait: We provided a 300 lb. delivery of frozen northern squawfish to a Columbia
River fish buyer for testing as bait by crayfish fishermen.

Multiple-Use Processing: An agreement was made with Inland Pacific Fisheries,
Inc., a multiple-use carp processing facility, to test northern squawfish. This production
process uses fish flesh, skin, and glands. Throughout the sampling period, surplus
northern squawfish were frozen and stored at the Irrigon Fish Hatchery for this use.

Fish Meal: We arranged with Bioproducts, Inc. in Warrenton, OR to sell them
any surplus northern squawfish for processing into fish meal.

Animal Feed: We received a request from the Army Corps of Engineers to
provide surplus northern squawfish to their bald eagle feeding program.

Transportation
The gear technology project provided transportation of fish to the Portland area
in eight weekly trips. Northern squawfish were transported in both live and iced forms.

Live fish were held at different densities. Data were collected on various handling and
transportation costs associated with each trip.

Regulation
We reviewed the statutory restrictions concerning the use of northern squawfish,

designated as a "food fish" (Oregon Wildlife and Commercial Fishing Codes 1987-1988).
A description of information needed to complete an Environmental Assessment (EA)
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and an Environmental Impact Statement (EIS) for fishery development was provided to
us by the Coordination and Review Division of the Bonneville Power Administration
(BPA). Meetings were held with ODFW personnel throughout Fall 1990 to outline
preliminary regulatory concerns related to the prosecution of a fishery on northern
squawfish. A "straw man" fishery implementation plan was developed and reviewed
within the Oregon Department of Fish and Wildlife. The purpose of the fishery
implementation plan is to determine the regulatory concerns of each agency related to
the various end uses of northern squawfish and the potential development of a northern
squawfish fishery. The fishery implementation plan will be revised until it receives final

approval (Figure B-2).

Market Name

Recognizing that the "northern squawfish” name might inhibit market
development efforts, we initiated research into an alternative name more appropriate for
marketing. We contacted the U.S. Food and Drug Administration to determine the
protocol for assigning market names to fish. We also made contacts with tribal
representatives as well as researchers who might know of alternative names used by
tribal fishermen.

Associated Species

In recognition of the possible multispecies nature of a northern squawfish fishery,
we included carp (Cyprinus carpio) and suckers (Catostomus spp.) in various feasibility
considerations. We requested samples of incidentally-caught carp and suckers from the
Harvest Technology project. We were able to provide small numbers of suckers and one
carp to restaurants and markets during the summer sampling period.

Associated Research

A research project supported by Saltonstall-Kennedy funds was investigating
harvesting techniques and marketing possibilities for Sacramento squawfish -
(Ptychocheilus grandis) from Red Bluff Dam, CA (Laveen 1988). We contacted the
Technical Monitor for this project, Susume Kato at the Tiburon, CA, Lab, National
Marine Fisheries Service, to share information on our project and to avoid duplication of
effort.
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RESULTS

Contaminant Tests

Results of tests for organic contaminants are summarized in Appendix B-2.2. All
organic contaminant levels are below FDA foodstuff action levels. FDA foodstuff action
levels are enumerated in Table B-5, Appendix B-2.1. Tests for heavy metals
contamination are summarized in Appendix B-2.3. Mercury, the only heavy metal for
which an FDA action level exists, tests at below-action level. Both organic and inorganic
contaminant testing results indicate that northern squawfish is suitable for human
consumption. Tests for dioxin accumulation are planned for the 1990 fishing season.

End Uses

Restaurants: A total of five Vietnamese, Chinese and American restaurants in
Portland and Beaverton accepted northern squawfish for trials. Three restaurants
terminated test marketing after the initial sample; the remaining two continued
throughout the summer sampling period. Tables B-1 and B-2 summarize the restaurant
and market deliveries during the test market period. All restaurants reported that the
fish were easy to handle and prepare, and all evaluated the flesh as good quality.
Preparation was by steaming, frying, or sauteing. Dishes made with northern squawfish
were priced between $5.60 and $7.50. Problems were reported with bones; some
customers were reluctant to take the extra time required by the bones, others did not
want a bony fish served to children (Table B-3).

Markets: Five Vietnamese markets of various sizes in Portland, Beaverton and
Salem received samples of northern squawfish and suckers. Two markets terminated
tests after the first delivery; the three remaining markets took multiple deliveries. The
northern squawfish sold with varying degrees of success. The fish was priced between 29
cents and 99 cents per lb. All markets found the fish easy to prepare and were satisfied
with the quality of the flesh. Market problems related to the unfamiliarity of the fish to
consumers, the boniness of the fish, and the summer season when many Vietnamese are
catching food fish recreationally rather than purchasing it.

Two main marketing problems were identified by both restaurants and markets:
1) the unfamiliarity of northern squawfish; and 2) the large number of small bones in
northern squawfish. Owners reported good consumer acceptance of the taste and texture
of northern squawfish flesh. Fifty percent of the restaurants and markets in the summer
sample were willing to test market the northern squawfish.again in 1990 if a test fishery
continued. During exit interviews conducted at the end of the 1989 deliveries, sixty-three
percent of the sample markets and restaurants indicated an interest in trying the
deboned fish product and felt that it would sell well.
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Table B-1. Restaurants and Markets Receiving Squawfish Deliveries, June 22 - August
10,  1989.

Deliverv Date ,
6/22/89 6/29/89 7/6/89 7/13/89 7/20/89 7/27/89 8/3/89 8/10/89

Business

A Dong X X X X X X
Market
Salem

99 Market X X X
Portland

Quyen’s X
Market
Beaverton

Golden Asia X X X X X
Supermarket
Portland

Phong Phu X
Market
Portland

Seven Stars X
Restaurant
Portland

Tuck Lung X
Restaurant
Portland

Henry Ford’s X
Restaurant
Portland

Yen Ha X X X X X X X X
Restaurant
Beaverton
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Table B-2. Form, Number, and Weight of Fish Delivered to Restaurants and Markets,
June 22 - August 10, 1989.

Deliverv Date
6/22/89 6/29/89 7/6/89 7/13/89 7/20/89 7/27/89 8/3/89 8/10/89

No.

Deliveries
iced - 3 3 - 4 - 3 2
live 6 - - -—

W
|
N

-——

No. Fish 99 63 99 105 104 135 117 60
Delivered

Wt. Fish 250 187 228 270 260 338 303 150
Delivered
(Ibs.)
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- August 10, 1989.

Table B-3. Summary of Restaurant and Retail Market Evaluation of Squawfish, June 22

Preferred Size

Preferred Form

Ease of Handling

Average Selling Price
restaurant dish
retail market

_ Preparation

Taste

Texture

Customer Response

Marketing Problems

Alternate Product Form

< 2 lbs.
head on, gutted

good

$6.55
$.76 per 1b.

steamed, fried, stewed

good

flakey

hesitant to somewhat positive

bones
fish available recreationally

deboned, minced
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In light of the problem with bones, we decided to try test marketing a de-boned
fish product to be used in fish cakes and fish balls. We contacted the Astoria Seafood
Lab about running a sample of northern squawfish through a deboning machine. Plans
were made to deliver northern squawfish to Astoria for deboning. However, at the
resumption of sampling activity in Fall 1989 it was discovered that catching squawfish
became very difficult with the decrease in water temperature. Catch rates during Fall
1989 were too low to accumulate enough fresh fish (approximately 300 Ibs.) to perform
the deboning tests. As a result the deboning experiment was delayed until the 1990
fishing season.

California Restaurants and Markets: Initial plans to ship northern squawfish to
the San Francisco market were canceled when both the buyer and broker reported soft
markets for northern squawfish. The reported price per pound for Sacramento squawfish
this summer was $.50, a price too low to cover transportation and marketing costs (N.
Grasstiet, Personal Communication).

We did not pursue further efforts to ship northern squawfish to California. We
did maintain communication with the Washington fish broker and the California fish
wholesaler to keep apprised of any changes in the San Francisco market that would
indicate better market possibilities for northern squawfish.

Bait: Frozen northern squawfish was used successfully for crayfish bait. The fish
buyer who provided fishermen with the bait estimated a selling price of 10 cents per
pound. Northern squawfish were readily accepted for use as crayfish bait. The
feasibility of using northern squawfish for bait relative to other uses will be assessed
when data on all uses is complete.

Multiple-Use Processing: Frozen northern squawfish from the summer sampling
period are being stored at the Irrigon Fish Hatchery for provision to the multiple-use
processor. A sample of 100 Ibs. of frozen northern squawfish was transferred to Inland
Pacific Fisheries for initial testing. This sample was followed in late Fall 1989 by a
delivery of frozen northern squawfish accumulated during the 1989 fishing season.
Experiments were run on 2,000 Ibs. of northern squawfish. One experiment was
conducted; northern squawfish used in an enzyme hydrolysate process to produce a liquid
‘base for organic fertilizer. The liquid product uses the whole fish in processing. The
company was satisfied with the results of the liquid hydrolysate test and requested
further deliveries of northern squawfish in 1990.

Fish Meal and Animal Feed: Due to the poor fishing success during the Fall
1989 sampling period, surplus northern squawfish were not available for these two

purposes.

Plans to collect cost and return data on tests of northern squawfish in multiple-use
processing, fish meal processing, and animal feed were delayed until the 1990 test
fishery. Full information on the costs and returns of the full range of end uses will be
used to evaluate the relative economic feasibility of each use.
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Transportation

Both live and iced fish transported well to the market. Live fish transported in
tanks were vigorous upon delivery in Portland. Live fish iced in Umatilla were still alive
on delivery to Portland, five hours later. The biggest quality problem occurred with
northern squawfish that had been dead a day by the time of delivery. The skin of these
fish became mottled in color. The mottling was primarily a cosmetic problem; flesh
quality was not affected. The components of transportation costs are summarized in
Table B-4.

Regulation

The first regulatory review meeting was held with ODFW personnel in September
1989. Issues related to the development of a 1990 test fishery on northern squawfish
were discussed. These issues included the necessary components of a review process
before initiation of a test fishery, the timing of the planning process, and the
identification of fishery participants. Further meetings were held in October 1989 to
plan for agency input into the test fishery plan. Following these meetings, a preliminary
"straw man" fishery implementation plan was developed and circulated with the Oregon
Department of Fish and Wildlife for review comments.

Reviews of the first fishery implementation Plan indicated an inadequacy in the
Plan to cover all contingencies which might arise under different fishery development
arrangements. As a result, another project meeting was held in February 1990 to
identify a full range of fishery development issues and to specify a workable approach to
acquiring the necessary information. On the basis of issues identified during this
planning session, the Fishery Implementation Plan was rewritten in questionnaire form
with questions addressed to issues related to the development of each type of fishery.
The questionnaire was then reviewed by Oregon Department of Fish and Wildlife
personnel in preparation for mailing to all agencies with Columbia River fishery
jurisdiction for their reaction and revision (Figure B-2).

Market Name

The test marketing of northern squawfish in Asian restaurants and markets
provided mixed results on the need to provide a market name for northern squawfish.
One market owner felt very strongly that the name should be changed. Others felt
indifferent about the name. Efforts were made during Fall 1990 to pursue literature
which would identify an historical name used for northern squawfish that might serve as
a market name. No historical literature was identified which provided an alternate
name. A brief memo was distributed in February 1990 to members of the Columbia
Basin Fish and Wildlife Authority asking for any information on alternative names for
northern squawfish. A single response resulted from this request. A list of Nez Perce
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Table B-4. Cost Components of Squawfish Deliveries to Portland, Sampling Period
6/22/89 - 8/10/89.

Total Number of Deliveries 8
Delivery Vehicle Types 1) 1 ton flatbed truck
2) 1/2 ton pickup truck

3) Toyota truck
Average Number of People Delivering

To Portland 125
Around Portland 2.13
To Salem 1.00
Average Trip Mileage 398 miles
(Umatilla-Portland round trip)
Average Delivery Time 9.1 hrs.
Average Number of Fish Delivered 98
Average Weight of Fish Delivered 244 lbs.
(estimated)
Average Fuel Use per Trip 33.9 gal.
Average Fuel Cost per Trip $40.74
Average Ice Cost per Trip Used $13.76
Average Oxygen Cost per Trip Used $19.00
Delivery Equipment Purchase Cost
Ice Chests $84.00
Holding Tank © $272.00
Garbage Cans (carrying tanks) $72.00
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words for various species of fish - including squawfish - was received from the Nez Perce
Tribe Department of Fisheries Management. Attempts to identify other names for
northern squawfish have so far been unsuccessful.

Associated Species

A small number of suckers and one ca;waere provided to markets and
restaurants during the test marketing period. 10€- €arp sold well with no reported
problems. The suckers also sold in one market, but less well. The main marketing
problem reported for suckers was the small ratio of flesh to head and bones. It is likely
that marketing efforts for carp and suckers will face the same need identified for
northern squawfish; that of time in the market to increase consumer familiarity with the

species.

Associated Research

The Sacramento River Squawfish Project funded by Saltonstall-Kennedy was
designed to experiment with fish traps placed in the vicinity of fish ladders and to sell
live fish in the San Francisco market. The harvest technology portion of the Red Bluff
Dam project proceeded under a modified research plan due to two factors: 1) repair
work in the fish ladder area of the Red Bluff Dam resulted in few squawfish traversing
the fish ladder; 2) a prohibition by the California Department of Fish and Game of
marketing of Sacramento squawfish for human consumption due to dioxin levels
measured in the flesh of Sacramento squawfish.

Due to the ban on the use of Sacramento squawfish for human consumption, the
harvested fish could not be sold in the San Francisco market as planned. Plans to use
Sacramento squawfish as bait in the hagfish fishery did not materialize. No utilization
trials for Sacramento squawfish were conducted during this study. (S. Kato, Personal
Communication).

Although fish traps were not tested in the fish ladder area due to construction
activities, this gear was tested in other locations along the Sacramento River and some of
its tributaries. Several sizes and shapes of fish traps were tried; the most successful traps
were a rectangular trap (78" x 40" x 30" high) and a cylindrical trap (48" long by 20'
diameter). Hook and line gear used at the Red Bluff Diversion Dam was the most
successful gear type used for Sacramento squawfish. The gear type which was the
original focus of this research - fish trap gear used on fish ladders - still remains to be
tested (Laveen 1990).
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Conventional fish traps using fish parts, fish oil, and trout pellets as bait were
unsuccessful in catching Sacramento squawfish but were very effective in the capture of
hardhead (Mylopharodon conocephalus), also thought to be a predator of juvenile
salmon. This catching method resulted in very low incidental catch of other species
(Laveen 1990).

DISCUSSION

Contaminant Tests

Based on tests performed to date, contaminant levels in northern squawfish
appear to be low enough to market northern squawfish as food fish. Unless the dioxin
tests indicate a problem, we will continue to pursue food uses for northern squawfish. A
budget for dioxin tests will be included in the 1990 Test Fishery budget. Dioxin tests will
be contracted through the Oregon Department of Environmental Quality Water Quality
Division.

End Uses

Due to a limited quantity of northern squawfish available for experimentation
during the 1989 fishing season, we were unable to try all the end uses identified in the
Statement of Work. For the same reason we were unable to collect full cost and return
information of the alternate fishery uses with which to compare cost effectiveness of each
end use. The trials we conducted do, however, allow us to make some preliminary
qualitative assessments of the feasibility of various end uses.

Restaurants and Markets: Based on consumer tests of northern squawfish in
Asian restaurants and markets from June to August, it appears that northern squawfish
have good marketing potential in these areas only with a modification of product form.
To gain consumer acceptance the fish should be kept in the market for longer periods of
time and should be marketed in an alternative form. We feel that deboned minced fish
has the greatest potential for sustained market acceptance in both restaurants and retail
stores.

Bait: The use of northern squawfish as bait is acceptable but is a low-valued use.
We will collect further data on the likely quantity demanded for this use; our prior
expectation is that the bait market would absorb relatively small quantities of northern
squawfish. The fish buyer has indicated an interest in selling squawfish for bait in
fisheries other than crayfish. Some of the 1990 fishery catch will be used in this manner.
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Multiple-Use Processing, Fish Meal, and Animal Feed: In addition to its use of
northern squawfish in the production of a liquid base for organic fertilizer, Inland Pacific
Fisheries also indicated an interest in experimenting with northern squawfish fillets to be
minced and frozen for food fish. We agreed to continue deliveries of northern squawfish
to this company during the 1990 fishing season.

Further experiments on these uses will have to wait until the 1990 fishing season.
Once total catch weight is high enough we will deliver northern squawfish to these
processors to determine how the alternatives of multiple-use, fish meal, and animal feed
compare to the use of northern squawfish as food. Larger volumes processed will also
allow us to collect data on processing costs for full production volumes rather than small
samples. It appears that northern squawfish have a potential large-volume use in the
processing of liquid fertilizer base, although the economics of this operation are not yet
known.

Transportation

Transportation of northern squawfish to market was not a particular problem.
Northern squawfish are hardy and were able to resist stresses of moving when handled
properly. The mottling of northern squawfish skin within one day after death presents
some cosmetic difficulties to marketing. Suckers and carp also transported well. Costs
incurred by the transportation of live fish to market suggest that going to the extra
efforts to transport live - rather than fresh iced - fish to market will not be cost-effective.
Retail selling price was not sensitive to live as compared to dead-iced fish form.

Regulation

Regulations pertaining to "food fish" prevent "wanton disposal" of northern
squawfish and require utilization once harvested (Oregon Wildlife and Commercial
Fishing Codes 1987-1988). Further regulatory concerns expressed by ODFW personnel
include incidental catch of game species, impacts on wildlife food sources, and harvest
rights. Responses to the "Regulatory Review" questionnaire mailed to various regulatory
entities are likely to identify additional regulatory concerns regarding the development of
a fishery on northern squawfish.

Market Name

The name "northern squawfish" does not appear to be a particular hindrance to
marketing in the Asian market, but could be a problem if utilization occurs outside the
Asian community. We will continue to pursue the identification or development of
alternative market names to propose to the Food and Drug Administration.
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Associated Species

We requested that carp and sucker be included in northern squawfish deliveries
received from the Harvest Technology project during their Fall 1989 fishing period.
These fish were to be included in as many of the northern squawfish utilization tests as
possible. For reasons identified above, limited quantities precluded all further trials
during Fall 1989.

Associated Research

We maintained contact with the Sacramento squawfish research being conducted
at Red Bluff Dam, CA. The final report of that project was submitted in May 1990
(Laveen 1990). Information on alternative utilization methods of harvested Sacramento
squawfish from that project is not forthcoming from this project. However, personal
communication with the project’s Technical Monitor indicated that future research on
the Eel River may include some marketing of squawfish in the San Francisco food
market if contaminant levels are low.
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APPENDIX B-|.
Annotated Bibliography of Literature on
Commercial, Sport and Bounty Fisheries

Adams, G.F. 1978. An historical review of the commercial fisheries of the boreal lakes
of central Canada: their development, management, and potential. Pages 347-
360 in Selected coolwater fishes of North America, R.L. Kendall, ed., Amencan
Fisheries Society Special Publication No. 11.

Abstract: A chronology of the development and subsequent decline of
commercial fisheries (whitefish, walleye and sturgeon) on the boreal lakes of
central Canada is presented. Historically, development of the remote northern
fisheries was based on welfare objectives rather than economics; presently
government agencies have responded to declining conditions by providing subsidy
and incentive programs that have the potential to further stress the fish stocks.
Quota control of harvest was a positive action toward prevention of overutilization
by the commercial fishery, but measures were not taken to prevent overinvestment
in the industry and the decrease in profits to fishermen. From a strict economic
perspective, the fishery resources of this region are being mismanaged under a
policy that does not result in a positive net return in harvested fish to either the
fishing industry or the public. If a policy of managing the fisheries as common
property is continued, there will be a pervasive tendency for the cost of
production to exceed the value of production.

The management implication of this case study is that effective fisheries programs
require: 1) a recognition and respect for the value of fisheries resources; 2) a real
effort by fisheries institutions to eliminate the fragmented approach to
management; 3) an acceptance and implementation of the experimental "adaptive
management" approach, and 4) an immediate transfer of insights and information
directly to planning and policy-making.

Although the fishery discussed in this paper is quite different from the proposed
fishery on northern squawfish, some of the management implications of this case
study are important. In recognition of the potential value of a commercial
squawfish fishery on the Columbia River, development should proceed on a sound
economic basis rather than by dependence on government subsidies. A
controlled-harvest limited entry fishery could be managed to prevent problems
which commonly occur in open access fisheries. Coordinated planning and
development is important for effective management of the fishery resource.
Harvest strategies should be based on indices that incorporate broad ecological
relationships and fish community structure. This point is especially relevant since
the resident fish community structure will likely be modified in order to manage
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for anadromous salmon species. Harvest strategies designed as adaptive
management experiments would be compatible with the NPPC philosophy of
adaptive management. Adaptive management has important implications for the
development of a fishery within the context of a plan which evaluates the efficacy
of control fisheries as they proceed.

Keywords. fisheries development, economics, open access, limited access,
adaptive management, agency coordination.

American Fisheries Society. 1982. Monetary values of freshwater fish and fish-kill
counting guidelines. American Fisheries Society Special Publication No. 13.

Abstract: This paper was prepared by the Monetary Values of Fish Committee of
the American Fisheries Society and by the Pollution Committee of the Southern
Division of the American Fisheries Society. The manuscript contains a set of
monetary values of freshwater fish that may be used, in conjunction with standard
sampling programs, to assess the value of fish destroyed in fish kills, in fishery
mitigation efforts, in the preparation of environmental impact statements, and in
the evaluation of competing water uses. The monetary values concept is based on
three premises: 1) fish are resources with tangible value to the public and to the
aquatic ecosystem; 2) when fish are destroyed and blame can be assigned
compensation to the public agency responsible for management is required; 3)
hatchery production costs provide the most reasonable source of fish value
information. Values are assigned to various fresh water game, nongame, and
commercial species on both a per-pound and per-fish basis. There is explicit
recognition of the fact that damages from fish kills are greater than just the
monetary value of the lost fish and extend to costs of investigation and clean up.

Although several Cyprinids are listed, squawfish is not one of the species assigned
a monetary value in this report. However, if development of a fishery on
squawfish proceeds, valuation techniques such as those outlined here will be
useful for fishery impact assessment and valuation. This manuscript will soon be
reissued with updated values.

Keywords: freshwater fish, values, fish kills, mitigation, assessment.

Anderson, L., A. Ben-Israel, G. Custis, and C. Sarabun. 1981. Modeling and simulation
of interdependent fisheries, and optimal effort application using mathematical
programming. In Applied Operations Research in Fishing, K.B. Haley, ed., Vol
10, NATO Conference Series. New York: Plenum Press.

Abstract: In this paper both simulation and mathematical programming

techniques are discussed as approaches to the analysis of fisheries management
policies. Simulation modeling provides the best tool at present for evaluating
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alternative management policies in fisheries with complex interactions.
Mathematical programming can be used under more simplified assumptions to
determine optimal harvest levels and optimal effort allocation in fisheries, subject
to relevant constraints. Fisheries interdependencies considered in this paper are
both biological and technological. Biological interdependencies exist when fish
stocks have either competitive of predator-prey relationships. Technological
interdependence exists when the harvest of one stock of fish leads to the bycatch
of another stock. The simulation model incorporates both types of
interdependencies. The mathematical programming model derives optimal
allocations of effort according to a specified maximization criterion, subject to
specified constraints.

Development of a fishery on northern squawfish on the Columbia River will very
likely involve the development of management policies which will need to
incorporate the biological interdependence between squawfish and salmonids.
Mathematical programming may offer a tool for arriving at the appropriate
harvest level for squawfish, once the relevant constraints are defined.

Keywords: fisheries, interdependence, biological, technological, simulation
modeling, mathematical programming.

Beddington, J. and R. May. 1977. Harvesting natural populations in a randomly
fluctuating environment. Science 197:463-465.

Abstract: As fishing effort and yield increase, fish populations that are being
harvested for maximum sustainable yield (MSY) will be more sensitive to and
take longer to recover from environmentally imposed disturbances. One
consequence of this is that the variability of the yield, as measured by the
coefficient of variation, increases as the point of MSY is approached. When
overexploitation has resulted in a population smaller than the population
associated with MSY, high effort levels produce a low average yield with a high
variance. These observations are consistent with observed trends in several
fisheries. The authors expect that these effects will be more pronounced for
harvesting strategy based on constant quotas than for one based on constant
effort. The same conclusions apply of the goal is to maximize the present value
of the discounted net economic revenue from the fishery.

If a sustainable fishery is to be developed on northern squawfish for the purpose
of predator control, the stock dynamics outlined in this article would be important
to know. The anticipation of these effects of MSY harvest levels will help avert
some undesirable consequences.

Keywords: fishery harvest, MSY, variability, sustainability, quotas, effort.
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Berkes, F. and D. Pocock. 1987. Quota management and "people problems": a case
history of Canadian Lake Erie fisheries. Transactions of the American Fisheries

Society 116:494-502.

Abstract: This paper presents a case-study of harvest quotas allocated to
individual fishermen in the Canadian Lake Erie commercial fisheries (rainbow
trout, smelt, yellow and white perch, white bass, and walleye). The experience
reported encompasses four years of plan development and three years of
implementation. The recent trend in commercial fisheries management is toward
limited entry with harvest quotas. An allocated catch quota system directly
counters the common property concept, since the quota represents property rights
to the resource. The quota also directly controls the total amount of fish that can
be landed. The major issue underlying quota implementation in Lake Erie was
fish stock assessment. A good biological data base and subsequent monitoring are
required to scientifically estimate the total allowable catch of each species. Other
issues were the political problem of how to allocate the total catch among eligible
fishermen and enforcement of regulations. Comanagement by fishery managers
and fishermen helped solve problems of catch allocation and enforcement.

Political and social considerations (equity) were more important to fishermen than
economic efficiency. A research protocol is outlined for implementation of a
quota system. Baseline data are needed, not only on fish stocks, but also on
harvest technology, extent of capitalization,and socioeconomic characteristics of
fishermen. Evaluation of the success or failure of the quota system in terms of
specific criteria relating to the objectives of the management plan is essential.

This article has important implications for the development of commercial
fisheries in northern squawfish in Columbia River reservoirs. A controlled,
limited-entry fishery with total harvest quotas would probably have the best
probability of achieving management objectives. Scientific evaluation of both
biological and socioeconomic factors are necessary in order to implement the
fishery and to demonstrate the efficacy of a predator control fishery to enhance
salmonid populations.

Key Words. fishery regulation, harvest quotas, allocation, comanagement,
freshwater fisheries.

Bishop, R.C. and K. Samples. 1980. Sport and commercial fisheries conflicts: a
theoretical analysis. Journal of Environmental Economics and Management
7:220-233.

Abstract: The thesis of this paper is that commercial fisheries and recreational

fisheries are often competing for a finite resource. Policy decisions to resolve
these conflicts should be based on sound economic analyses at both the

105




Bovle,

theoretical and empirical levels. A recreational component was added to a
standard optimal control model of commercial fishing to identify public decision
variables for optimal fish stock levels and optimal allocation of harvest between
commercial and sport fisheries. A predator-prey component was added because
of potential interactions between commercially important prey species (alewife)
and recreationally important predators (salmon). Conclusions from the modeling
were: 1) multiple use of fishery resources may be optimal; 2) the relative merits
of sport and commercial fishing must be compared at optimal (not just existing)
population levels; 3) it is important to consider benefit and cost functions over a
variety of population sizes when evaluating alternative management strategies; 4)
when more than one species of fish is involved, interactions such a predator-prey
relations must be considered. The authors also question the point of view that
sport fishing should be favored over commercial fishing since it is inherently more
valuable; the comparison of values used is often invalid because the market value
of commercial fish is compared to the value of the entire recreational experience.

The model development presented in this paper is relevant to the question of the
economic value of developing recreational versus commercial fisheries on
northern squawfish. However, the relative value of the two types of fisheries on
squawfish is of secondary importance, because the major social benefit will
probably be the enhancement of salmonid production. Therefore the primary
criterion is the effectiveness of a fishery type in sustaining a reduction in
squawfish populations, not the value of the fishery products. The model is also
relevant to squawfish-related problems because it includes predator-prey
interactions. In our case the commercial fishery would be developed on the
predator instead of the prey; in this way the squawfish fishery has the potential to
enhance both sport and commercial fisheries on salmon and steelhead. The
predator-prey mechanism developed to evaluate conflicting use in this model may
be a basis for further development in analyzing the synergistic effects of the
salmonid and squawfish fisheries on the Columbia River.

Key Words: commercial fisheries, recreational fisheries, conflicts, predator-prey,
multiple use, optimal population levels.

KJ. and R.C. Bishop. 1987. Valuing wildlife in benefit-cost analyses: a case
study involving endangered species. Water Resources Research 23(5):943-950.

Abstract: This paper is concerned with the identification of relevant values in
benefit-cost analyses that may affect wildlife or its habitat. A conceptual
framework for examining the total value of a wildlife resource is developed and
applied to valuation of two endangered species in Wisconsin; bald eagles and
striped shiners. The components of value for wildlife resources are first discussed,
with emphasis on those particularly relevant to endangered species. There are
three basic groupings of use values: consumptive use value (hunting, fishing,
trapping), nonconsumptive use value (viewing wildlife), and indirect use values
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(reading about wildlife, watching television specials about wildlife). An individual
may hold more than one of these values for a specific wildlife resource. A
theoretical model of individual preferences is next proposed to examine the
relationships among different values and to determine their relationship to total
value. Contingent valuation methods are used to estimate values for bald eagles
and striped shiners. Empirical results indicate that Wisconsin taxpayers place a
significant aggregate monetary value on the preservation of these two endangered
species. The authors conclude that to overlook values for wildlife that go beyond
common use values may result in misleading policy decisions.

Valuation techniques such as the method described in this paper may be used to
estimate publicly-held values for resources which do not pass through market
channels. This policy area would include the development of a recreational
fishery on a previously unexploited species, such as squawfish, carp, or suckers. If
the objective were to greatly reduce or eradicate a species (e.g. northern
squawfish) with a control fishery, the concept of intrinsic existence values would
be important in the evaluation of economic benefits of the management action.
However, since the northern squawfish control fishery is conceptualized in terms
of sustained moderate exploitation (about 20%), the main values of interest are
the use values. If the total valuation concept were used for an economic analysis
of the Columbia River fishery resources, it would probably tip the scales further in
favor of managing for enhancement of salmonid species by reducing squawfish
populations, since several salmonid stocks have been depleted or eliminated.

Keywords: wildlife, valuation, consumptive use value, nonconsumptive use value,
indirect use value, preservation.

Cauvin, D. 1980. The valuation of recreational fisheries. Canadian Journal of Fisheries
and Aquatic Sciences 37: 1321-1327.

Abstract: At present, recreational fisheries are generally considered a non-priced
(free) resource, based on the proposition that natural resources are a public
heritage from which no member of society should be excluded. The validity of
recreational fishing valuation techniques (expenditures, travel cost, value added,
and willingness to pay methods) are questionable, and are poor substitutes for a
price system. The author argues a need to adopt a pricing system to value
recreational resources in order that equitable allocation decisions might be made,
and that government management programs should be accountable for their
allocation of resources. The major reason for not always pricing recreational use
of fishery resources is that the costs of fee collection and enforcement may exceed
benefits. Conventional wisdom suggests that the multifaceted nature of the
recreational fishing opportunity makes rational pricing of recreational fishing very
difficult, and perhaps impossible.
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Recreational fisheries on northern squawfish in the Columbia River are
negligible; the present recreational value of this resource may be considered zero.
It is doubtful that anyone would pay for the opportunity to fish for squawfish
under present conditions without additional incentives and organized promotion.
However, since enjoyment of the fishing experience is generally considered of
greater value than the food value of the fish caught, it is feasible that a
recreational fishery could be developed on this resource. The recreational value
of fishing for squawfish may be enhanced if the participants had a sense that they
were benefitting the salmon fisheries by reducing predation.

Key Words: recreational fisheries, price system, valuation, multidimensional
character of recreational fishing.

Charbonneau, J.J. and M.J. Hay. 1978. Determinants and economic values of hunting
and fishing. Transactions of the North American Wildlife Conference 43:391-403.

Abstract: Better methods of monetary valuation of recreational hunting and
fishing are needed for enhancing decisions related to the costs and benefits of fish
and wildlife and their habitat compared to alternative uses of land such as
industrial and agricultural development. The purpose of this paper is to
summarize several studies based on data collected by the 1975 National Survey on
Hunting, Fishing, Wildlife, and Associated Recreation, conducted by the U.S. Fish
and Wildlife Service. Economists usually agree that consumer surplus is the
appropriate measure of benefits which sportsmen derive from hunting and fishing
that are attributable to the fish and wildlife resource. Consumer surplus is the
amount an individual would pay to hunt or fish, above his or her actual expenses.
Two approaches to estimating consumer surplus are discussed: 1) a direct
question, willingness to pay method, and 2) an indirect method that derives value
estimates from individuals’ expenditures. Methods were applied to an example
related to waterfowl hunting. Forecasting equations, when combined with
estimates of economic values of hunting and fishing, can provide better
information for assessing management alternatives.

This article discusses methods which are used for the valuation of recreational
hunting and fishing. At present there is no appreciable recreational fishery on
northern squawfish on the Columbia River. Predicting the monetary value of a
recreational fishery on squawfish is beyond the scope of the current research
project, and the data necessary for making such an estimate are lacking. If a
recreational fishery were developed, it would be important to evaluate the fishery
and collect the data needed for economic analyses of this type.

Keywords: fishing, hunting, recreation, valuation, consumer surplus, willingness to
pay, expenditures.
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Copes, P. and J.L. Knetch. 1981. Recreational fisheries analysis: management modes
and benefit implications. Canadian Journal of Fisheries and Aquatic Sciences 38:

559-570.

Abstract: The purpose of this paper is to extend the theoretical analysis of
recreational fisheries economics in order to integrate recreational and commercial
fisheries management. The development of a common analytical base for
recreational and commercial fisheries is essential if rational policy decisions are to
be made on management of fish stocks which are jointly exploited by-the two
types of fisheries. The economics of commercial fisheries has generally been
analyzed in terms of fundamental bioeconomic relations between sustainable
yields and levels of fishing effort. In contrast, recreational fisheries have been
analyzed as demand of consumers for opportunities to fish as a recreational
pursuit--including intangibles related to the quality of the fishing experience. The
common criteria for examining optimum utilization of the resource is the
magnitude of benefits generated. One common denominator, to relate
commercial and recreational fisheries, is the number and size of fish taken. In
order to link commercial and recreational theory, the complex relation between
the value of sport fishing enjoyment and the amount of fish taken must be
determined. A major difference in the economics of the two types of fisheries is
that commercial fish products are directly priced to the consumer, while sport
fishing opportunities are provided free. The non-market nature of recreational
fishing makes its valuation more difficult; but conceptually, the economic value of
a product (fish) or service (sport fishing opportunity) is the same--what people are
willing to give up to obtain it.

In the case of the development of fisheries on Columbia River northern
squawfish, managers under ordinary circumstances would assess commercial versus
recreational fisheries in terms of their relative benefits to society. However, since
the main benefit to society may be the enhancement of salmonid fisheries, this
direct comparison of benefits is not as relevant to the overall management
strategy. Instead, the two types of fisheries would be compared in terms of the
relative cost and effectiveness of a bounty system applied to either a commercial
(subsidized) fishery or a recreational (tournament) fishery to achieve a desired
measurable level of exploitation of the squawfish population. Initially, the
benefits of the fishery products would just help defray the costs of developing and
subsidizing the fishery. In the long run, however, economics are important
because the self-sustainability of the fishery in the absence of bounty incentives
will probably determine the effectiveness of this management measure as a
salmonid enhancement technique.

Keywords. recreational fisheries, commercial fisheries, joint exploitation,
valuation, optimum utilization.
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Crutchfield, J. 1965. Can we put an economic value on fish and wildlife? Colorado
Outdoors 14(2): 1-5.

Abstract: Water and land utilization are increasingly subject to more
sophisticated techniques of evaluation and long-range planning. As those plans
involve fish and wildlife decisions that are for practical purposes irreversible,
economic techniques that fall within the confines of accepted practices of other
water uses are essential. Valuation of fish and wildlife has been made more
difficult by the insistence of many groups that hunting and fishing must be
available at no cost. In the absence of a market, simulation studies are effective
for economic valuation of fish and wildlife. Although conceptually correct,
simulation studies are expensive. The author recommends that more intensive
economic analysis be used as a basis for investment in fish and wildlife.

Valuation questions apply directly to the assessment of fishery development
feasibility of squawfish. The trade-off between squawfish capture and salmonid
predation implies a positive economic value-measured in terms of surviving
juvenile salmon--to the harvest of squawfish. Whether the value of squawfish is a
net positive value depends on the costs of harvest relative to returns from
squawfish use and to the value of surviving salmon.

Keywor ds. economic valuation, fish, wildlife, investment.

Duttweiler, M.W. 1985. Status of competitive fishing in the United States: trends and
state fishery policies. Fisheries 10(5):5-7.

Abstract: This paper reports on a survey of state agencies which updates the
survey conducted by Shupp (this bibliography). The survey had 5 objectives: 1) to
determine recent trends in black bass fishing; 2) to obtain an initial measure of
competitive fishing for other species nationwide; 3) to describe the positive and
negative impacts of competitive fishing as ascribed by managers of fishery
resources; 4) to describe current state management posture toward competitive
fishing; 5) to identify research and policy needs associated with competitive
fishing. The survey found the following: competitive fishing for black bass
continues to dominate tournament fishing in the U.S. Management agency
perceptions of the impact of tournament fishing did not change appreciably
between 1978 and 1985 except for an increased appreciation for both positive
media coverage and negative impacts of concentrated fishing effort. Also
identified were needs for information dissemination on fish mortality, catch and
release methods, and fishing conflicts.

The survey information summarized in this paper on tournament fishing will

provide a useful identification of the major issues which will face Columbia River
fishery managers if tournament fishing develops for northern squawfish. The
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experience of state agencies with black bass fishing tournaments will allow a more
efficient development of this method of fishing as well as the avoidance of
predictable conflicts.

Keywords. competitive fishing, survey, state agencies, impacts

Hannesson, R. 1983. Optimal harvesting of ecologically interdependent fish species.

Working paper, Institute of Economics, University of Bergen, Norway.

Abstract: This paper considers the optimal exploitation of a two species predator-
prey system. Due to the density-dependence of ecological efficiency, both species
should be harvested simultaneously over a range of relative prices. Beyond the
limits of this price range, either the prey species should be utilized indirectly by
harvesting the predator, or the predator should be eliminated in order to
maximize the prey yield. Certain results from single species fishery models are
shown not to apply to multispecies models. These are: 1) optimal regulation of a
free access fishery may call for subsidizing instead of taxing the harvest of
predator species; 2) increasing the discount rate may, at "moderate” levels, imply
that the optimal standing stock of biomass increases instead of decreases; 3) a
rising price or a falling cost per unit of effort of a species may raise and not lower
the optimal standing stock of that species.

The modeling effort reported in this paper has direct implications for the
development of a fishery on northern squawfish. Choices between yield of
predator and prey, as described in this paper, depend critically on relative values
of the two species. These are the types of management choices that will be made
for squawfish-salmon interactions and the fishery on each species.

Keywords: predator-prey, optimal exploitation, relative prices, management
techniques.

E.S. 1987. Changing value perspectives in natural resource allocation: from
market to ecosystem. Transactions of the American Fisheries Society 116:525-531.

Abstract: Traditional approaches to natural resource allocation—deciding who
gets what--have been based on economic considerations. The author argues that
it is no longer adequate to simply apply market-driven criteria to questions of
resource allocation. Recently the values underlying resource allocation have
shifted to a more "moral” position based on heightened concern for the total
environment. An ecosystem approach to allocation is advocated in which policy
makers, resource users, and society decide on the desired future resource
condition before deciding on the means of allocation. This approach brings
values to the forefront of the decision process. However, mechanisms for
instituting held values in the allocation process are not well-developed.
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Development of a fishery on northern squawfish in the Columbia River will
require the same type of "ecosystem" approach described in this paper. Because
the procedures for accomplishing this are not well-developed, fishery development
of squawfish would provide a good laboratory for the experimentation with
different techniques to achieve equitable allocation.

Keywords. resources, allocation, values, ecosystem.

Holbrook, J.A.IL 1975. Bass Fishing Tournaments. In H. Clepper, ed., Black bass
biology and management. Proceedings of a National Symposium on the Biology
and Management of Centrarchid Basses, Tulsa, Oklahoma, February 3-6, 1975.
Washington, D.C.: Sport Fishing Institute.

Abstract: This paper reviews the organization and conduct of national black bass
fishing tournaments through 1975. Included in the review are summaries of
tournament rules and procedures, the relationship of tournaments to overfishing,
mortality studies, regulations, catch per unit effort, and uses of tournament-caught
fish. The author stresses the opportunity to research biologists provided by
tournament catch in the assessment of black bass populations. Research
opportunities are seen as the most important effect of bass fishing tournaments.

If tournament fishing for northern squawfish is developed on the Columbia River,
this review of tournament organization and conduct nationwide will provide
guidance for the components of a competitive fishing system, as well as for
research opportunities afforded by tournament catch.

Keywords: national fishing tournaments, regulations, research.

Hummel, R.L. and G.S. Foster. 1986. A sporting chance: relationships between
technological change and concepts of fair play in fishing, Journal of Leisure
Research 18( 1):40-52.

Abstract: This paper examines ideas about fair play (sportsmanship) and
technological change in fishing. Fishing "technology" includes the tools of fishing,
techniques of using those tools, knowledge of the prey and its environment, and
knowledge of the effects of fishing tools on populations of prey. "Fair play" is
defined as conduct according to the rules of the game which specify acceptable
means of pursuit of particular goals. Rules may have either informal or formal
origins. The essence of sport is contrived, self-imposed difficulties in pursuit of
some goal. Historically, sport fishing arises only when fishing is not required for
subsistence. The technology of sport fishing includes the following elements:
decisions about target species, access to habitat, fishing gear, knowledge of use of
fishing gear, knowledge of fish behavior and habitat.
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Definitions of fair play vary widely according to fishery circumstances. The
concept of fair play is multi-dimensional. Variations exist in value orientations
(e.g. democratic vs. elitist), goals (most/biggest fish vs. most difficult fish), means
(technology vs. craftsmanship), standards of performance (performance results vs.
performance quality), rewards (external vs. internal), participants (mass appeal vs.
selective appeal), and technological change (promoted vs. resisted). The historical
record shows that significant technological advances in sport fishing have induced
changes in the standards of fair play.

The concepts outlined in this paper have a direct bearing on the interaction
between various fisheries for northern squawfish and other established fisheries.
Notions of fair play also have implications for the conduct of a fishery for
northern squawfish that should be incorporated into the planning stages of fishery
development.

Keywords: sport fishing, technology, fair play.

Knetsch, J.L. 1963. Outdoor recreation demands and benefits. Land Economics 39:387-
396.

Abstract: This author discusses the difficulty with assigning values to resources
used for recreation. Public agencies would like to provide a level of recreational
resources commensurate with public preference but must make decisions in the
absence of prices, the usual expression of value. Other means must be found of
measuring consumer willingness to pay for recreation. This article focuses on
travel costs and other costs as proxies for market value. In addition, income, site
congestion and recreational alternatives are also factors in the demand for
recreation. It is also difficult to fully account for benefits received by recreational
users, because many recreational benefits are nonmaterial.

The types of analytical difficulties in recreational valuation that are described in
this article will be factors in the assessment of a fishery on northern squawfish on
the Columbia River. The decision to allocate the fishery to commercial or
recreational users or to a combination of the two will be made more difficult
without clearly defined values for recreational use.

Keywords: recreational resources, demand, benefits.

Loomis, D.K. and R.B. Ditton. 1987. Analysis of motive and participation differences
between saltwater sport and tournament fishermen. North American Journal of
Fisheries Management 7:482-487.

Abstract: Existing studies establish the heterogeneity of fishermen. This paper
reports on empirical tests for differences in motivation between saltwater sport
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anglers and saltwater tournament fishermen in Texas. A focus of the research
was the differences in catch-related and noncatch motivations between these two
groups. Catch-related motivations are represented by 13 different measures,
including catching a trophy fish, the fishing challenge, developing skills and testing
equipment. Noncatch related motivations are represented by 6 measures,
including being with friends, family recreation, being outdoors, and relaxation.
Saltwater tournament fishermen were found to differ from saltwater sport
fishermen on measures of catch-related motivation but not on measures of
noncatch-related motivation. Not surprisingly, tournament fishermen-are more
oriented towards catching bigger fish and more fish. The identified characteristics
of tournament fishermen have direct implications for fishery management,
particularly of stressed populations. Tournament organizers should be encouraged
to either direct effort on species with healthy populations or institute catch-and-
release programs as part of the tournament structure. Creel limits are a further
management option.

Differences in fisherman motivation create a potential for conflict between
different types of fisheries. These differences should be kept in mind for the
development of fisheries on northern squawfish, both in terms of conflicts which
may arise between a northern squawfish fishery and other more established
fisheries as well as in terms of conflict which may arise between different types of
fisheries on northern squawfish.

Keywords. fishermen heterogeneity, fishing motivation, catch-related motivation,
noncatch motivation, tournament management.

Martin, L.R.G. 1987. Economic impact analysis of a sport fishery on Lake Ontario: an
appraisal of method. Transactions of the American Fisheries Society 116:461-468.

Abstract: A Keynesian-type economic impact analysis (EIA) was applied to the
sport fishery in the Bay of Quinte, Lake Ontario in 1985 and 1986. EIA measures
the direct, indirect, and induced consequences of resource development to a
region, but does not assign an explicit value to the fishery resource. It is one facet
of socio-economic impact assessment which can be used to forecast the social and
economic consequences of resource development projects, thus providing
managers and policy makers with valuable information for making decisions. EIA
enables fishery managers to relate management decisions which cause .a change in
sportfishing activity to the effect on the regional economy in terms of sales,
incomes, and jobs. An angler survey was conducted to collect detailed
socioeconomic data. The methodology is outlined in the context of information
needs of resource managers and planners. EIA can indicate the role of
sportfishing in economic development and tourism, identify the relative
contributions of angler groups, identify impacts on businesses, and suggest
approaches to strengthen a region’s intersectoral linkages in order to maximize
impact.
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There is a potential need for a socioeconomic analysis of the effects of northern
squawfish fishery development (commercial, bounty, or sport) on the regional
economy. Such an analysis would have to be justified on the grounds that its
results would help fishery managers and policy makers evaluate the relative merits
of various predator control and salmonid enhancement measures. If this rationale
were developed, then the appropriate methodology could be chosen on the basis
of data requirements, cost, and desired accuracy and sophistication of results.

Keywords: freshwater fisheries, recreation, economic impact, EIA, economic
development, tourism.

Martin, W.E., F.H. Bollman, and R.L. Gum. 1982. Economic value of the Lake Mead
fishery. Fisheries 7(6):20-24.

Abstract: The economic value of Lake Mead, Colorado River as a hydroelectric
power producer and source of water supply can be estimated from market prices;
however, it is more difficult to estimate the value of its warm-water recreational
fishery because a conventional market does not exist. The purpose of this paper
is to estimate the value of the present fishery as input to the water management
process. The Clawson-Hotelling method of developing a non-observed demand
curve was used to estimate the value of nonmarket goods and services. Interviews
with fishermen were used to gather data needed to develop the demand equation.
First, a demand curve for the entire recreational experience is developed, next, a
second-stage demand curve for the fishing activity itself is derived. Empirical data
from individual fishermen are statistically fit to demand curves; these are summed
to form aggregate demand curves for the fishery. Consumer surplus is the
satisfaction a consumer receives from a commodity above the actual price paid.
This measure may be interpreted as the total net value of the resource site to the
fisherman for fishing. Since there is no entry fee for fishing at Lake Mead, the
entire area under the demand curve for the site measures the quantity of
consumer surplus generated.

At present there is a negligible recreational fishery for northern squawfish on the
Columbia River. If squawfish derbies or tournaments were initiated to reduce
predator numbers, however, the consumer surplus valuation technique may be a
way to analyze recreational value derived by the public. This method may also be
used to value existing sport fisheries on resident game fish (e.g. walleye) in
comparison to existing sport and commercial fisheries on salmon, and potential
commercial or bounty fisheries on northern squawfish.

Keywords. recreational fisheries, valuation, demand for fishing, consumer surplus.




Matlock, G.C. 1986. Estimating the direct market economic impact of sport angling for
red drum in Texas. North American Journal of Fisheries Management 6:490-493.

Abstract: In this article the author develops a method for estimating the direct
market economic impact of a sport fishery and applies this method to red drum
(Therenops oceecongmicglers in Tevalue of recreationally
caught fish can be measured in five ways: 1) market value of the catch, or direct
expenditures to enter the fishery; 2) direct and multiplier effects of expenditures
on local economies; 3) all direct and associated participation costs of the fishery;
4) the value placed on the fishing experience by the participant; 5) willingness to
pay for the opportunity to participate. These approaches have problems,
including difficulties in verification. As an alternative approach, the author
estimated the direct market impact of the sport fishery for red drum in Texas by
subtracting the market value of the fish from the total direct expenditures by red
drum anglers. This approach assumes a commercial market for sport caught fish.
The advantage of this approach is that it allows a direct comparison between
sport and commercial fisheries in terms of direct economic impacts to determine
how different allocations between sport and commercial fisheries would affect a
region economically.

This approach would have direct bearing on allocation issues related to northern
squawfish if opportunities for both commercial and recreational fisheries existed.
If enough market demand exists for squawfish to make a commercial fishery
economically feasible and if recreational demand also exists, managers may well
face this type of allocation problem.

Keywords:. recreational fishery, economic impact, allocation.

May, R., J. Beddington, C. Clark, S. Holt, R. Laws. 1979. Management of multispecies
fisheries. Science 205(4403):267-277.

Abstract: Setting maximum sustained yield figures for individual species is an
inadequate management strategy for multispecies systems. Models of krill-baleen
whale interaction are used to illustrate the way multispecies fisheries respond to
harvesting at various trophic levels. Economic aspects of harvesting multispecies
fisheries are considered primarily for the purpose of improving acceptability and
predictability of management regimes. Overexploitation of fisheries arises from
the lack of strong property rights among fishermen to current and future fish.
Uncertainty in biological systems also has important economic implications and
creates conflicting responses by biologists and fishermen. Under uncertainty
biologists will promote conservative management strategies but fishermen will
discount future returns heavily and thus show an opposite response. Contingency
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plans to deal with unexpected changes are especially important for multispecies
systems, although proper target levels for various species are difficult to
determine. Multispecies systems often exhibit complex discontinuities in response
to fishing or environmental change.

The authors reach several tentative conclusions about the management of
multispecies systems. 1) For populations not subject to significant predation,
MSY may be useful. 2) Ecosystem preservation requires that stock of a prey
species not be reduced to levels affecting its own or other species productivity.
3) Time scales affecting population processes must be kept in mind.

4) Environmental stochasticity will cause population parameter estimates to
fluctuate. 5) Multispecies systems have complex biological-economic-political
interactions not found in single species systems.

Management of a squawfish fishery may well require techniques appropriate to
the management of multispecies systems. Exploitation could occur simultaneously
on stocks of squawfish, suckers, and carp. Further multispecies considerations will
include those species which are not targeted in or caught by the squawfish/
suckers/carp fishery but which interact with these species biologically.

Keywords: multispecies, management, species interactions, uncertainty.

Milliman, S.R., A.P. Grima, and CJ. Walters. 1987. Policy making within an adaptive
management framework, with an application to lake trout (Salvelinus pamaycush)
management. Canadian Journal of Fisheries and Aquatic Management 44(Suppl.
2):425-430.

Abstract: In this paper the authors combine adaptive management techniques
with concepts of natural resource economics to create a practical method for
making policy choices in fisheries. The most appropriate fishery management
action is that policy which is most likely to advance important socioeconomic
objectives such as enhanced economic welfare, greater cultural opportunities, and
species preservation. Uncertainties about the biological impact of various policies
often impedes optimal policy choice. Lake trout (Salvelinus namaycush)
rehabilitation in the Laurentian Great Lakes is used as an example. Uncertainties
which impede the progress of lake trout rehabilitation are reviewed. These
include uncertainty about recovery rates, sustainable exploitation rates,
vulnerability to various sources of mortality, and lamprey predation. Next, a
framework is proposed for developing a set of policy options which incorporate
uncertainty, treating the uncertainties listed above as the focus for monitoring
activities. Included in these options are "actively adaptive" policies which are
experimentally designed to revive the lake trout fishery and yield data which may
lessen uncertainties. The authors use basic concepts from natural resource
economics such as net social and economic benefits, discount rates, time horizons,
and expected value to outline how, in the presence of uncertainties, the policy
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which is most likely to maximize socioeconomic gains can be chosen from the
various options. The strength of the adaptive management approach is its attempt
to anticipate uncertainties and surprises and to incorporate new information in the
process of fishery policy development.

Development of a fishery on northern squawfish will include an experimental
phase in which different policy designs are applied. Adaptive management
techniques seem to offer the best possibility for building a management strategy
that incorporates both biological and economic uncertainties and the production
of new information.

Keywords: fisheries policy, uncertainty, adaptive management.

Nielsen, L.A. 1985. Philosophies for managing competitive fishing. Fisheries 10(3):5-7.

Abstract: This paper identifies four prevalent theories of fisheries management
which influence the way public agencies approach competitive fishing.
"Protectorism”, a philosophy of many resource managers, sees competitive fishing
as a destroyer of vulnerable aquatic resources and of traditional fishing methods.
"Brokerism", the most common philosophy of fisheries management, is the process
of making decisions on the basis of public consensus. Brokerism remains special
interest politics unless there is full public participation. Brokerism must include
fishing competitions because of their popularity. "Rationalism" is the underlying
principle of optimum sustained yield; it seeks to find the maximum public benefit
from the fishery resource given the full information about tradeoffs. As such,
rationalism sees competitive fishing as part of the overall allocation problem
facing fishery managers. A limitation to rationalism is that full information is
never available and managers must operate in an environment of uncertainty.
"Pragmatism” demands full utilization of resources within the constraints of an
agencies mission and regulations. This point of view accepts competitive fishing
as a fact and makes the best of it. The author asserts that a single resource
management philosophy is not appropriate for all situations. A recognition of the
spectrum of philosophies should foster communication between different points of
view.

The development of new fisheries on northern squawfish will require coordination
between different fishery management agencies. The identification of different
fishery management philosophies is useful in the anticipation of different
approaches to management which may arise between management entities on the
Columbia River, as well as in the prevention of management conflict.

Keywords: competitive fishing, management philosophy, protectorism, brokerism,
rationalism, pragmatism.
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Pearse, P.H. 1969. Toward a theory of multiple use: the case of recreation versus
agriculture. Natural Resources Journal 9:562-575.

Abstract: The concept of "multiple use” has not been rigorously evaluated in
terms of the critical issue of conflicting demands. The purpose of this article is to
demonstrate the kind of information required to determine the socially optimum
aggregate of conflicting uses of a natural resource, and clarify the criteria for
establishing the optimum combined value. Production theory, based on biological
concepts such as competition and carrying capacity, incorporates the relative value
of alternative uses and provides reliable criteria for deciding the optimum
combination of two or more competing uses of a fixed resource. Various kinds of
investments in the resource can be evaluated in terms of increased total output
and efficiency of alternative forms of enhancement. The assumed objective of
multiple use has been to maximize the contribution of the resource to the welfare
of the social group in whose interest it is managed. The highest value of a
resource is derived by a combination of uses specified by the confrontation of a
set of purely technical relationships with a set of economic ones. The biggest
economic problem is establishing the value of resources which are provided free
to users.

There are likely to be conflicting multiple uses of the northern squawfish resource
if a Columbia River fishery for this species is developed. These will include
sustaining the direct economic benefits of new fishery products, population control
to reduce juvenile salmonid mortality, and achieving a balanced resident fish
community, i.e., mediating compensatory mortality relationships with other
predatory species.

Keywords. recreational fisheries, multiple use, conflict, production theory,
investment evaluation, resource value.

Peyton, R.B. 1987. Mechanisms affecting public acceptance of resource management
policies and strategies. Canadian Journal of Fisheries and Aquatic Sciences
44( Supplement 2):306-3 12.

This article addresses the problem of management issues arising from Great
Lakes rehabilitation efforts. Several issues require management: scientific and
technological inadequacies, incomplete and/or conflicting public beliefs, and
conflicting public values. This paper discusses the components of resource issues,
the dynamics of public perception and response, and the role of public
involvement in implementing management programs. A major component of
resource issues is the adequacy and nature of science. Public education attempts
have traditionally focused on the information products of science rather than the
scientific process. This leaves the public without realistic expectations of the
scientific basis for management. Another component of resource management
issues is the conflicting values held by various groups. Additional factors with
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which resource managers must deal are the attitudes and behavior of the public.
An important distinction exists between the goal of public acceptance of resource
management and the process of public involvement. Public involvement may have
a number of goals, including public acceptance. Public acceptance of a
management program may be gained by several strategies, including public
involvement. Resource agencies could better determine factors which determine
public response to management programs if staff were trained to deal with the
public dimensions of management. Especially important is the need for expertise
to involve the public in resolving different value conflicts in issues. Resource
managers must invest in long term programs to build rapport and credibility with
the public, improve the public’s understanding and participation in the
management process, and gain a better understanding of the segments of the
public affected by resource management.

The issues outlined in this paper are likely to be issues of importance in the
development of a fishery on northern squawfish on the Columbia River. A key
issue to be kept in mind during the fishery development phase is public
perception of the management process. Public involvement in the design and
implementation of policy for a new fishery should contribute substantially to
public acceptance.

Keywords. resource management, conflicting values, beliefs, goals, public
acceptance.

Pringle, J.D. 1985. The human factor in fishery resource management. Canadian
Journal of Fisheries and Aquatic Sciences 42:389-392.

Abstract: Scientists and managers often assume fishermen oppose resource
management when fishermen disregard a management plan developed without
consultation or in an unclear manner. This paper argues that resource manager-
fishermen relations are a critical, but often ignored, variable in the resource
management equation. To permit good science to become good management,
scientists, resource managers and fishermen must communicate effectively.
Experience suggests that scientists and managers rarely look at the system of
fishery resource management from the fisherman’s perspective. The bulk of the
regulatory decisions have been made by non-fishermen and in spite of regulations,
many of our stocks have not been well-managed. Two case studies of fishery
management are provided—one an example of successful cooperative government/
fishermen management and a second, contrasting example of unsuccessful
management designed without fisherman input. The author concludes with an
appeal to scientists and fishery managers to look at government’s performance in
resource management from the perspective of fishermen, to approach
management with the operating assumption that fishermen care for their resource,
and that industry and government cooperation in management may be formalized.
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This paper identifies fisherman involvement as a key factor in the success of
fishery management. Development of a fishery on northern squawfish is likely to
proceed miore smoothly if fishermen are involved from the beginning in the design
and formulation of regulations.

Keywords: resource management, fishermen, consultation, communication.

Propst, D.B. and D.G. Gavrilis. 1987. Role of economic impact assessment procedures
in recreational fisheries management. Transactions of the American Fisheries
Society 116:450-460. )

Abstract: Economic impact assessment (EIA) methodologies are analytical tools
used to expose regional and interregional structures, to explain regional growth,
and to help resource decision makers describe the effects of various policies and
investments. At the federal level, benefit-cost analysis is used as a measure of
efficiency of a government project in terms of the direct value of goods and
services. The EIA is a value-free description of an economy at one point in time
and is concerned primarily with the effects of total consumer expenditure. The
EIA was developed as a descriptive method, but it can incorporate multipliers in
order to achieve predictive capabilities. In recreational fisheries, typical "ratio
multipliers” should not be applied to consumer spending for computation of total
impacts; instead, a Keynesian relationship, which expresses additional impacts per
unit of consumer spending, should be used. The hybrid data input-output model
can satisfy the widest range of fisheries information needs. Theoretical and
conceptual model development generally is more advanced than the empirical
data base. At present, high quality data for the EIA of investment in fishery
resources does not exist.

The EIA may be a useful method to evaluate the effect on the regional economy
of the development of a commercial, bounty, or recreational fishery on northern
squawfish. Perhaps the most important benefit derived from such a fishery would
be the enhancement of salmonid populations. It would be difficult to quantify the
incremental benefit of increased salmonid production derived from a northern
squawfish removal fishery because of the concurrent interactions of a complex of
salmonid enhancement measures targeted at a variety of detrimental factors,
coupled with the inherent variability of the system. The foresight of gathering
economic data within the framework of an analytical tool such as the EIA may
facilitate the development of a comprehensive control fishery evaluation program
in the future.

Keywords. recreational fisheries, management, economic impact assessment, data
quality. i
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Regier, HA. and A.P. Grima. 1985. Fishery resource allocation: an exploratory essay.
Canadian Journal of Fisheries and Aquatic Science 42:845-859.

Abstract: The authors explore several approaches to the problem of allocation of
fishery resources. Interest is now growing in allocation because in most
industrialized countries the complex of direct and indirect uses of ecosystems has
led to environmental degradation and an increasing number of interactions among
the effects of different user groups. Allocation and reallocation of rights to
aquatic resources often occurs in a haphazard or covert way which is divisive and
unjust to some user groups. This article addresses the problem of how to reduce
the improprieties of allocations and at the same time enhance good husbandry to
prevent environmental degradation. The authors propose a series of guidelines
which are designed to improve the allocation process. A number of societal
means to the allocation of rights are identified, including markets, legal tribunals,
administrative tribunals, and community negotiations. There is a need for a
clearer specification of rights to a fishery as well as a need for improvements in
the means by which those rights are allocated.

Allocation rights to northern squawfish and its associated species will need to be
clearly specified if a fishery is developed. The guidelines presented in this paper
will be helpful in building an allocation scheme that recognizes the rights of
various interest groups and is therefore less likely to be divisive.

Keywords: fisheries, resource allocation, formal rights, informal rights,
environmental degradation, husbandry.

Rettig, R.B. 1987. Bioeconomic models: do they really help fishery managers?
Transactions of the American Fisheries Society 116:405-411.

Abstract: Pacific Northwest salmon managers have dealt with management crises
for more than a century. Management responsibilities have increased in recent
years with new user groups, new management regimes, increased enhancement
and mitigation efforts, and concern about the depletion of wild stocks. Planning
and policy decisions are increasingly difficult. In response to progressively more
complex management issues, computer models of increasing sophistication are
being used. Managers need to know whether such models can assist them with
two major categories of decisions: 1) How should a long-range fishery goal be
modified to address short-run economic concerns, such as high unemployment
levels? 2) What criteria should be used to allocate a limited quota among
competing users? This author argues that social scientists should be aware that
types of knowledge other than "scientific" knowledge will be incorporated into the
policy process. A great deal of "ordinary" knowledge will be brought to the policy
process through the inclusion of public advisory bodies. This ordinary knowledge
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will be combined with scientific knowledge by managers. This has implications for
the way social scientists construct bioeconomic models: managers should be
incorporated in model building from the development stages onward, rather than
consulted at the end of the modeling exercise.

Development of a bioeconomic model of the fishery on northern squawfish or of
northern squawfish--salmon fishery interactions will be a likely analytical outcome
of current fishery development potential. Such an exercise will require that
managers be involved in model construction from the beginning if the resultant
model is to be relevant to managers’ needs.

Keywords. bioeconomic models, fishery management, scientific knowledge,
ordinary knowledge.

Riley, L.M. 1985. Competitive fishing in Arizona: the need for biological or social
management. Fisheries Branch, Arizona Department of Game and Fish. 7pp.

Abstract: An angling contest is defined in this paper as any organized fishing
activity which results in evaluation of the catch and the awarding of prizes.
Impacts of fishing contests fall into three types: biological impacts, economic
impacts, and social or user group impacts. Four types of fishing contests are
identified, listed in order of frequency of occurrence : tournaments (short in
duration and site-specific), roadrunners (short in duration but not heid at a
specific site), derbies (long lasting), and kid derbies (short in duration, specifically
for children).

On the basis of data collected from fishing contests in Arizona, this author
reaches several conclusions about angling contest impacts. Angling contests do
not appear to have more than minimal added impact to fish populations, over and
above the effect of other recreational fishing. Large profits are not being made
by competitive angling at the expense of Arizona’s fishery resources. A final
conclusion is that interactions between user groups are the areas needing
management and education efforts.

This paper identifies issues related to competitive fishing which will provide useful
guidance to the development of fisheries for northern squawfish. In the
identification of impacts of competitive fishing, it is interesting to note that the
most important areas identified for education and management efforts are
conflicts between user groups.

Keywords. fishing contests, tournaments, derbies, recreational fishing, fisheries
management, user groups.
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Schlick, R.O. 1978. Management for walleye or sauger, South Basin, Lake Winnipeg.
Pages 266-269 in Selected coolwater fishes of North America, R.L. Kendall, ed.,
American Fisheries Society Special Publication No. 11.

Abstract: Walleye and sauger are the main species comprising the commercial
fishery in the South Basin of Lake Winnipeg, Manitoba. Gill net mesh size
restrictions can be used to manage in favor of walleye (large mesh) or for the
smaller sauger (small mesh). The more liberal 76mm gill net mesh would be
more economically favorable for fishermen because it would increase the catches,
but it would probably decrease the population of walleye because fewer numbers
would reach reproductive size. Thus the 108mm mesh restriction would favor the
larger walleye. Water transparency is an important environmental variable
affecting the relative dominance of the two species--clear water generally favors
walleye.

Consideration of size-selective fishing gear (such as gill net mesh size restrictions)
would be an important economic consideration in terms of optimum size and
numbers of northern squawfish commercially harvested in the Columbia River,
and also in terms of management of other food and game fish such as walleye.

Keywords. freshwater fisheries, management, gear restrictions, optimum mesh
size, economic tradeoffs.

Sharif, M. 1986. The concept and measurement of subsistence: a survey of the
literature. World Development 14(5):555-577.

Abstract: Subsistence is a widely used concept in theoretical literature, empirical
literature, and in the policy arena. Despite widespread use of the concept, its
precise meaning is not well-understood. The author first examines the manner in
which the concept of subsistence is used to refer to production and consumption
activities. The concept of subsistence used in different economic theories is an
absolute minimum standard of productive living, not just survival. In addition to
survival needs, subsistence includes needs of physical and mental efficiency.
Income level is one measure used to characterize the standard of subsistence.
The author identifies three methods of determining subsistence-level living and
finds the two most commonly used methods--social (direct observation of a
society’s minimum standard) and scientific (minimum mental or physiological
requirements)--to be arbitrary. The third method--the behavioral method--
identifies subsistence by observing the behavior of people at the lower level of the
income distribution. The author concludes that the behavioral approach is the
method which offers the most promising direction for measurement.
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The regulatory review process and the policy development phase of the squawfish
feasibility project could well identify a potential squawfish fishery as a tribal
fishery. If this identification is the outcome the possibility of subsistence fishing
may arise. This article will help to clarify the meaning of that concept.

Keywords. subsistence, survival, income, social minimum, behavior.

Shupp, B.D. 1979. 1978 status of bass fishing tournaments in the United States: a
survey of state fishery management agencies. Fisheries: 4(6):11-19.

Abstract: Competitive fishing had spread to all areas of the United States by
1978. This paper reports the results of a survey of state fishery agencies about the
impacts of bass tournaments, the magnitude of bass fishing activity, fishery policy
toward bass tournaments, degree of agency involvement in tournament activity,
and opinion about the impact of tournaments on fish populations. Survey results
identified several common aspects of tournament fishing. Conflicts between
tournament and nontournament anglers are common. Developing tournament
fisheries will lead to pressure on the state agency to develop tournament
regulations. A minority of states regulate tournaments fully. Fishery agency staff
are involved in tournaments in all states where tournaments are conducted.
Tournament data are commonly used for management decisions, mortality studies,
age and growth studies, and general population studies. The most commonly
cited negative impacts of tournament fishing are conflicts between fishermen and
safety hazards. The most commonly cited benefits of tournament fishing are local
economic activity, public relations for state fishery agencies, and stimulus of
desirable resource use and safe boating practices. A minority of state agencies
found a negative impact to the fishery resource or to fishery programs from
tournament fishing.

This paper identifies several issues related to competitive fishing as seen from the
perspective of state fishery managers. Conflicts between tournament fishermen
and nontournament fishermen are common and should be anticipated. Safety
hazards should be prevented through advance planning of tournament operations.

Keywords. bass tournaments, impacts, survey, state agencies, conflicts.

Silvey, W., J. Novy, S. Reger, T. Lilies, B. Jacobson, W. Hayes, and J. Warnecke. 1988.
Tournament fishing in Arizona, 1986-1987. Statewide Fisheries Investigation
Survey of Aquatic Resources Federal Aid Project F-7-R-30.

Abstract: This report summarizes data received from voluntary Tournament

Fishing Reports submitted by organizations conducting fishing competitions.
Large fishing tournaments represent a small portion of the competitive fishing in
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Arizona. Most tournament activity is small-scale with high proportion of releases.
Despite minimal impact on fishery resources, tournaments should be planned and
coordinated to avoid other negative impacts from too much tournament activity at
one time or location.

The data provided by the Tournament Fishing Reports will be useful to the
planning of competitive fishing arrangements for northern squawfish. Competitive
fishing for northern squawfish will not include releases, but other factors of
existing fishing competitions will be important to the coordination and planning of
a northern squawfish fishing competition.

Keywords. tournament fishing, competitions, impacts.

Talhelm, D.R. 1979. Fisheries dollars and cents. Water Spectrum 11:8-16.

Abstract: The commercial fishery in the Great Lakes was historically of great
social and economic importance to the region, but now the sport fishing industry
had much greater importance. Economists have estimated that the net social
value of Michigan's Great Lakes sport fishery is $250 million compared to §2
million for the commercial fishery. The economic impacts of the two fisheries are
about $250 million sport and $20 million commercial. Fisheries have several
kinds of values to society, and the purpose of fisheries management is to
maximize the aggregate of these values. The concepts of economic rent and
angling quality and demand are methods to determine sport fishing values.
Bioeconomic simulation models incorporating demand equations can be used to
quantify the economic efficiency of salmon enhancement projects to sport fisheries
and the relative values of commercial fisheries. The effect of fisheries on local
and regional economies is discussed in the context of fishery management
decisions, equitable distribution of income among fishery factions, and preserving
"ways of life" such as commercial fishing villages. Although sport fishery values
are greater than commercial values, the greatest aggregate value is derived by
having both, especially when fish species used by the commercial fishery are not
game fish. A detailed economic analysis of management alternatives can quantify
values and trade-offs and thus help fishery managers make decisions. However,
many potential benefits and detriments are not adequately known or quantified.

At present, both sport and commercial fisheries on northern squawfish in the
Columbia River are negligible. When and if these fisheries develop, it will be
important to quantify their relative values in the context of a bioeconomic model.
The effect of the fishery in reducing northern squawfish abundance and the
resultant benefits to the salmon fishery would be an important component of such
a model.

Keywords: Great Lakes, commercial fisheries, recreational fisheries, evaluation of
enhancement projects, trade-offs.
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Tschirhart, J. and T.D. Crocker. 1987. Economic valuation of ecosystems. Transactions
of the American Fisheries Society 116:469-478.

Abstract: This paper demonstrates one way in which an empirically meaningful
link between economies and ecosystems might be developed. The natural
ecosystem is characterized by inputs, physiological functions, and energy contents
of biomass. Humans intervene in the ecosystem by farming, cutting timber, or
fishing and thereby directly or indirectly affect all of these features. A model is
developed in which human behavior alters the detailed structure of the ecosystem,
which in turn alters human behavior. A proposed methodology is presented for
valuing ecosystem components which have no direct use value for humans.

This article is relevant to understanding the impacts of a control fishery on
northern squawfish, particularly in terms of the multispecies linkages that exist
between squawfish and salmonids, suckers, and carp. It has a further bearing on
the assessment of the value of an ecosystem component without any current
economic value, a characterization which fits squawfish at this time.

Keywords. economics, ecosystems, interaction, valuation.

Vanderpool, CK. 1987. Social impact assessment and fisheries. Transactions of the
American Fisheries Society 116:479-485.

Abstract: Although social impact assessment methodologies have been developed
and applied in other areas of natural resource management, particularly forestry
and water resources, they have not been applied in fisheries. Social impact
assessments contribute to the process of policy design and management by
providing information on the costs and benefits of proposed conservation and
management plans. One requirement of a social impact assessment is the
construction of a social and cultural data base. Because social impact assessments
have not been done in fisheries these data bases have not been built. Social and
cultural data are useful to assess the distributional consequences of a particular
fishery management plan. What is desirable in resource management is an
integrated assessment and evaluation process which provides a coordinated system
for determining the costs and benefits of policy implementation and project
outcomes. Good social impact assessments in the fishery would require an
understanding of the role of assessment in natural resource development as well
as the development of good comparative data bases on social factors related to
fishing.

The types of social and cultural data described in this article would be crucial to
an understanding to the impact of fishery development on Columbia River
northern squawfish. A social impact assessment would provide valuable
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information on the likely impact of a particular development approach or
allocation scheme that might otherwise be ignored.

Keywords: fisheries, social impact assessment, social, cultural, allocation, fishery
development.

Whitworth, W.E. 1984. Bass tournament fishing in Texas: status report. Texas Parks
and Wildlife Department, Austin, Texas. 89pp.

Abstract: Because bass tournament fishing is an increasingly popular sport in
Texas and is conducted by organized groups of skilled interested fishermen, the
Texas Parks and Wildlife Department (TPWD) is interested in using tournament
data as a source of population information on bass. The TWPD developed a
voluntary program to encourage bass clubs to report data from their tournaments.
By 1984 the TPWD had developed a large database containing information on
over 5,000 tournaments. This database provides information on population trends
and quality of fishing experiences and contributes to management decisions
affecting bass populations.

Data from northern squawfish tournaments can also be used in the analysis of
population trends. This population information will assist in management
decisions.

Keywords: fishing tournaments, voluntary reporting, fisheries database, population
trends, bass management.

Wilson, J. 1982. The economical management of multispecies fisheries. Land
Economics 58(4):417-434.

Abstract: This paper is concerned with developing an economic analysis
appropriate to the biological and social characteristics of variable multispecies
systems. The paper is built on three fundamental ideas: 1) limitations of
knowledge and uncontrolled variation in fisheries constrain the range of
economically feasible management options; 2) social costs of rule making and
enforcement are high in highly variable environments; 3) efficiency in variable
environments is more closely related to adaptive individual learning behavior than
to input cost minimization. These ideas are developed in the context of an
institutional theory about the growth of collective mechanisms for the solution of
potentially degenerative social situations.

The accepted economic theory of fisheries is misleading in that it tends to direct
analysis away from a consideration of many reasonable and economical non-
property rights policy alternatives. Consideration of "complicating factors"--
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multiple species, variability, patchiness, search and information costs--tends to
lead to the conclusion that the social costs of unregulated fishing are less than
traditional economic theory would suggest. These complicating factors indicate
higher social costs associated with attempts to regulate. These two effects tend to
limit the range of economically feasible management options and appear to create
a strong preference for very simple systems of management rules.

The management of a fishery on northern squawfish as a multispecies fishery
would suggest an application for several of the ideas outlined in this paper.
Marine fisheries offer many examples of multispecies fisheries that are managed
as concurrent single-species systems, with the associated social costs. This paper
points out some of the costs of attempting to "over manage,"” or fine-tune, a
multispecies fishing system.

Keywords. multispecies fisheries, management, efficiency, adaptive learning,
social costs.

Yarbrough, C.J. 1987. Using political theory in fisheries management. Transactions of
the American Fisheries Society 116:532-536.

Abstract: This paper explores three areas of political theory and their
implications for fishery management. First, democratic theory states that ultimate
political power in a society is vested in the people. This includes a belief in local
autonomy and a belief that public opinion has ethical status. Democratic theory
confronts fishery managers with the need to respect the tradition of localism and
generate public support for programs. Second, political value theory attempts to
understand values held by the public. Core values held by the public are
persistent. This means that managers must justify programs in terms of
consistency with basic public values. Third, political structure theory looks at the
influence of formal and informal government, economic, and social structures on
the acceptance and success of public programs. Structure theory describes the
limits of political action as well as the possibilities. This theory tells managers
that the structure of existing governmental and economic institutions works
against broad management initiatives, against taking an ecosystem approach to
management. The author argues that political theory provides insight to fishery
managers about what is possible as well as what is not possible.

This article offers insights into the process of fishery management, both in terms
of pathologies in our existing management process and in terms of possibilities for
change and limits to those possibilities. This is a helpful review of process that
would provide guidance in the formation of new policy for fishery development.

Keywords. resource management, political theory, democratic principles, values,
institutional structure.
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APPENDIX B-2.

Preliminary Results of Tests for Contaminants in Northern Squawfish

1. FDA Foodstuff Action Levels for Selected Contaminants

2. Organic Contaminants

3. Heavy Metal Contaminants
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Table B-5. FDA Foodstuff Action Levels for Selected Contaminants.

FDA Foodstuff Action Level (ppm)

Chlorinated Pesticides and PCB’s

alpha-BHC 0.3*
beta-BHC 0.3
Lindane 05**
Heptachlor 0.3
Heptachlor epoxide 0.3
Al d rin 0. 3 L2 & 3
Dieldrin
p,p' DDE 5.0
p,p’ DDD 5.0
p,p' DDT 5.0
p,p’ Methoxychlor 5.0
Chlordane 0.3
PCB Group 1 2.0
PCB Group 2 2.0
PCB Group 3 2.0
PCB Group 4 2.0
PCB Group 5 2.0
Heavy Metals
Mercury 1.0
AIS eni c EEXX
Ca dmi,um XXX
Chromium it
Copp er E 2 % 2 3
]’-‘ead EEXX
Zinc EEXX

* Level established for rabbit meat. No level established for fish.
Level established for eggs. No level established for fish.
**# | evel established for sum of Dieldrin and Aldrin values.
**** No FDA Action level established.
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B-2.2. Preliminary Results of Tests for Organic Contaminants in Northern Squawfish




B-2.1. FDA Foodstuff Action Levels for Selected Contaminants
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DEPARTMENT OF ENVI RONVENTA
| oI M p R.%UALITY LABORAT AHE% of

PRELDMINARY report, results ars NOT conclusive. Printed by
CASE NAME: 890371 JOHN DAY RESERVOIR
SUBMITTER: Vigg,Steve
FUND CODE: 3250 2050~ Nonpoint Sourcs

ITEM @ RESULT UNITS TEST s

-

001 Small Fish, Edible portion
A 05/03/8y | ,

ATTACHed . Chiorina

002 Large Fish, Edible portion .
. . 83703189 - e . - .

ATTACHsd Chlorinated Pesticides in Tissues, Flsh Tissse

003 Small Fish, Liver
03703/89

ATTACHad Chlorinzted Pesticidas in Tissuss, Fish Tissue

004 Large Fish, Liver
83/03/89

ATTACHed Chiorinated Pesticides in Tissues, Fish Tissoa

wer ®n wamme - . . h
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e

7 Deparisent of Environaental Quaiity \.:‘.'
Laboratories and Applied Research ENE

Organic Section

6C
CHLORINATED PESTICIDES AND PC3s
Cosplies with EPA NPDES Method 688 and
RCRA Method 8BS

Date: 1 June 1989

Ladb ¢: 898371
Sasgle: {~FISH

Jtes ¥: 1 97 ¥

fsount Parace ter CAS Registry .

N6/XE Nusber
(8.963 algha-3HC 31984
9.963 beta-BHC 319857
{§.483 Lingane b1
<8.8€63 Heptachlor Toksl
(6.983 Aldr in 2§9862
(9.903 Hepsachlor epoxide 1924573
3.963 p,p' DOE 7=
8.963 ' Eodrin 72298
{8.363 $,p°'000 72548
<6.083 p,p'00T %273
<5.863 B¢ ' ethoxychlor T

8.811 Dieldrin e .
<8.383 Chlordane ST
(3.s12 PCB Group | 11154282
€9.884 PCB Group 2 11161163
<8.983 PC3 Sroup 3 65219
8.63 PC3 Sroup 4 11097691
5.963 PCB Groug 11595625
b Total PCB

PC3 &roup 1 includes PC3 1221 and iscalculated asig2i.

PCB Sroup 2 includes PCB 1222 and in s calculated as 1232,

PCB Group 3 imcludes PCB'S 1016, 1242 ang 1248 and is
talculated a5 1242,

PCB Sroup 4 includes PEB §1256 and iscalculated as1254.

PC3 Broup S includes PC3's 1260 and 1262 and is calcul ated
as 1264.

WD No PCB's observed above indicated detection liait.
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. ~
b .'/ & . ™~ .
'/. 4 S -.:. ..J \\\. - -
Departaent Of Environaental Quality S0 S TS \’ . :
Laborateries and Applied Researgh O, NS I e
Organic Section N8 TS S e Y
™~ . o« 25 A &
.,\\
6C
CHLORINATED PESTICIDES Am PCBs

Cosplies vith EPA NFDES Methed 648 and
RCRA Methed 8484

Bate: 1 June 1989

Lab §: 894371
Sample: 2-F1SH P O

Ites #: 2
Asount Parage ter CAS Registry .
KE/XE Kusber
9.383 alpha-gHC 319844
(8.283 beta-3HC 319857
{8.083 Lindane S8899 ) —
<8.8%3 Heptachior 76448
<6.983 Aldria 389862
(1.363 Hegtachlor epoxide 1624573
9.973 p,p' BOE T
4.963 Endrin 72248
§.587 p,»'000 72548
{8.9€3 p,p' 007 0293
1.§83 p,p 'Nethoxychlor T3S
8.663 Dieldrin 68371
8.363 Chlordane STIRY
L
.82 PC3 Group 1 11104282
(8.886 PC8 &rosp 2 11141165
6.683 PC8 Group 3 3669210
§.113 PCB broup & 11997691
.84 PCB Grouwo 3 ) 11496625
§.15% Total PC8

PC8 &reap 1 includes PCB 1221 ard is calculated as 1221.
. ) PC3 &raup 2 includes PEB 1232 and in's calculated as 1232,
PC8 Group 3includes PC8'S 1416, 1242 and 1248 and is
calculated as 1242, -
PL3 Group 4 includes PEB125% and is calculated as 1254,

pC8 Sroup 5 includes PLB's 1268 and 1252 and iscalculated
as 1258,

0 No PCB's observed above indicated detection lirit.
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Departaent of Environaental Quality .-
Laboratories and Applied Research ~
Qrganic Section . .

- 4 e

6C .
CHLOKIHATED PESTICIDES AND PCEs
Coaplieswith EPA KPDES Nethed 688 and
RCRA Method 8689

Date: 1 June 1989

L ab #: 89837
Sasple: REDFISH

Ites $: 3 (9 50
Asount Paraseter a8 Registry
K6/KS Nusber
($.363 alaha-gHL 319846
(6.382 bata-BHC 319857
(9.983 Lindane 58699 o
{8.283 Hegtachlor 76448
6.3 Aldrin 3998862
<8.383 Heptachlor epsxide 1824573
§.7835 p,p' ODE 7N
(§.963 Endgrin 72248
1.248 p,p'000 72548
€4.383 $,9'007 $82%3
§.364 psp ' Nethoxychlor 72433
§.537 Dieldrin 48571
{8.363 Chlordane STINY
9.812 PC8 Group | 11184282
8.984 PC3 6roup 2 11141183
{8.963 PCB Gromp 3 33469219
{8.363 PCB Broup 4 11957591
<8.363 PCB Group S 11895825
1] Total P8

PG Group 1 includes PC8 122! and iScaleulated as 1221,

PC3 Sroup 2 includes PC4 122 and in s calculated as §222.

PC8 Group 3 includes PC8*S 1916, 1242 and 1248 and is
talculated as 1242,

PCB Group 4 includes PC8 1254 and is calculated as 1254.

PC3 Group § includes PL3's 1268 and 1262 and is calculated
as 1258,

ND No PCB's. sbserved above indicated detection lisit.
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! s L] 7 ~

= Departaent of" Environeess<luality .. Yy S UL "\.\
Laboratories and Applied Research /" 0 o ‘:l. 3, ~—

Organic Section ATe viiiif g

i 0
)
' 6C
CHLORINATED PESTICIDES MD #C3s

Cosplizs with EPA NPDES Nethod 488 and
RCRA Nethod E#87

Date: I June {989

Lab §¥: 896371
Suple: BLUFISH {5 0
Ites §: &
Asount Paraseter CAS Registry
K6/KE Nusber *
u.343 alpha-3KC 319846
u.543 bets-gHC 319857
{8.383 Lindane 58899
4.33 Heotachior 76446
(8.283 Aldrin 349862
<6.363 Heptachlor epoxice 1624373
313 psp* DOE Y3
174 Endrin 72208
.9 p,p'00D YLl
(§.863 p,p 00T sgem
<4.383 p,p ‘Hethoxychlor TS
.€8.963 Dieldrin 84371
{8.§83 Chlordane ST
.812 PC3 Group | 11184282
8.396 PC3 Eroup 2 11141165
{8.963 PCB Group 3 S3569219
{9.583 PL3 Sroup 4 118974691
{8.863 PCB Group S 11096625
0 Total PC3 .

PCSéroup 1 includes PC8 122¢ and iscalculated asi22!,
PC8 Group 2 includes PCS 1232 and in 5 calculated as 1232.

PCB &roup 3 includes PCB'S 1016, 1242 and 1248 and is . .
talculated as 1242,

PC3 Group 4 inctudes PCB 1254 and is calculated as 1254,
PCB Group 5 includes PCB's 1268 and 1262 and iSscalculated
as 1268.

0 Mo PC3's observed above indicated detzction limit,
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FATS / LIPIDS

ID FISH

# TYPE
1-Fish Squawfish
2-Fish Squawfish

* wet method
{woct u:tJ‘\r ‘.'nud)
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B-2.3. Preliminary Results of Tests for Heavy Metal Contaminants in Northern
Squawfish
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DEPARTMENT OF ENVIRONMENTAL QUALITY LAB'JRATRIEIES
Analytical Records Report PAC 1

VEDNESDAY OCTOCER 4th, 1989

of 1

CASE NAME: 890371 JOH N D AY RESERVOIR

SURMITTER: Getes, Richard F. COLLECTOR: Vigg,Steve
FUND CODE' 3250 205JG)- Noupuint Sovurce
ITFEFM » RESULT UNITS TEST

001 Small Fish, Edible portion

gsra3/ee
6.98 ng/Kq dry Mercury , Fish Tissue
€0.15 ny /Ky drq Arsenic, Fish Tissuoe
(6.1 ng/Kg dry Cudmium, Cish Tissue
.1 ng/Kg dry Chromium, Fish Tissue
1.1 ng/Kg dry Copper, Fish Tissue
.13 wmg/Kg dry Lead, Fish Tissue
23.3 % % SOLIDS, Fish Tissue
22 mo/Kg dry Zinc, Fish Tissue
ATTACHed Chlorinated Pesticides in Tissues, fish Tissue

002 Large Fish, Edible portton

085/03/8%
3.20 ugy/Kg dry Mercury, Fish Tissue
s »g/Kg dry Arsenic, Fish Tissue
WM ng/Kg dry Cadmium, Fish Tissue
Qs ng/Kg dry Chromium, Fish Tissue
1.2 m»o/Xp dry Copper, Fish Tissue
Q.n g ‘KQg dry Lead, fish Tissue
23.0 ' % SOLIDS, Fish Tissue
18 wylKo dry 2ine, Fish Tissue
ATTACHed Chlorinated Pesticides in Tissuves, Fish Tissue

003 Small Fish,Liver
05/03/89

ATTACHed chlorinated Pesticides in Tissues, Tish Tissue

004 Large Fish, ULliver
05/03/89

ATTACHed Cllurinated Pesticides in Tissues, Tish Tissue
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EVALUATION OF HARVESTING TECHNOLOGY

FOR POTENTIAL NORTHERN SQUAWFISH COMMERCIAL FISHERIES
IN COLUMBIA RIVER RESERVOIRS

Prepared by
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University of Washington
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ABSTRACT

After literature review and discussion with knowledgeable experts, we chose four
small-boat gear types to test in the field for their applicability to commercial harvest of northern
squawfish, Ptychocheilus oregonensis, in Columbia River reservoirs: Purse seine, longline,
gilinet, and baited pot.

Our sampling was divided in two sampling seasons. During the summer sampling period,
from April to August 1989, we focused on the efficiency of longlines and gillnets as commercial
fishing gear for capturing northern squawfish. We fished this gear in five areas of the John
Day reservoir. A total of 167 one-plus hour sets of stationary, sunken gillnets yielded 122
northern squawfish. The nets were of variable mesh and measured 150x10 ft. Northern
squawfish composed 14% of the sunken gillnet catches of all species. Longlining with
monofilament groundline, 3/0 stainless hooks and salmonid smolts for bait was the most
effective method for capturing northern squawfish. A total of 525 northern squawfish was
caught on 115 sets of 25-150 baited hooks. Catches of one northern squawfish per 4 or 5 hooks
set were the best rates achieved; these were made near McNary Dam. Northern squawfish
composed 72% of the catches of all species. White sturgeon, Acipenser transmontanus, and
channel catfish, Ictalurus punctatus, were caught frequently on longlines and were usually alive
and viable at release.

Limited purse-seining with a350°x25’ deep seine wasvery ineffectual except in the McNary
Dam spillway during the month of July where catches averaged five northern squawfish per
set; northern squawfish composed 44% of the purse-seine catches (in numbers) of all species.
Baited pots and floating gillnets (set and drift) were relatively ineffectual.

During the fall sampling period, from September through November, effort was focused
on determining the effect of bait type, hook type, and depth of bait on the catching efficiency
of the longline. 82 longline sets were made using various baits and hooks. American shad
yearlings had the highest catch rate averaging one northern squawfish for every 17.33 hooks
set. The Kahle horizontal hook (English bait hook) proved to be the most efficient hook type.

Northern squawfish tend to be distributed throughout the water column, at least during
this time of the year, and therefore longlines should be fished vertically from the surface to
the bottom.

Both longline and purse seine catches declined in the fall. A lake trap was fished for 48
hours and caught only 8 northern squawfish. Gillnet catches did increase slightly but fishing
effort for this gear was very low.
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INTRODUCTION

Northern squawfish, Ptychocheilus oregonensis, in the Columbia River are of limited
recreational use and currently of no commercial value. They are, however, the major predator
of outmigrating salmon in the John Day reservoir and probably throughout the Columbia
River; research in the John Day reservoir demonstrated that northern squawfish consume a
sufficiently high proportion of the salmonid outinigrants to probably cause significant
reduction in the numbers of returning adult salmon and steelhead (Poe and Rieman 1988).
Model studies indicated that a sustained exploitation rate of 10-20% annually in the John Day
reservoir would reduce the population and average size of northern squawfish sufficiently to
cause a major reduction in salmonid losses (Rieman and Beamesderfer 1988). A variety of
fishing methods could be employed to achieve this level of harvest. Among them, one or
several should be found which (1) would not incidentally kill valued fish such as salmonids,
sturgeon, catfish, bass, or walleye; (2) could be inexpensively employed by commercial
fishermen using the type of small vessels already in use for salmon, sturgeon, and shad fishing
on the Columbia; and (3) would have sufficiently high catch rates on northern squawfish to
yield an annual exploitation rate of approximately 20%.

Obviously item (3) will not happen unless there is sufficient economic return from the
catch. This can occur from either of two sources: (1) Development of commercial markets
for northern squawfish, or (2) establishment of a bounty or subsidy by a public agency.
Establishing potential commercial outlets and setting a correct level of bounty are the
objectives of a sister research project by Oregon State University (OSU) ("Economic
Feasibility of Commercial and/or Bounty Fisheries for Northern Squawfish").

The goal of the multiple-agency predator-prey research programs on the Columbia River,
of which the Harvest Technology project is one phase, is to increase adult salmonid returns
by reducing in-river predation on outmigrants. One aspect of active management of
predation-caused losses of juvenile salmonids would be the development of a fishery on
northern squawfish in order to reduce their numbers. The goal of the Harvest Technology
evaluation (Addendum to Statement of Work, Project 82-012) is to provide further detail to
Objective 3, Task 3.2, Activity 3.213-specifically, the component dealing with harvest
technology. The specific objectives are to:

(1) Evaluate commercial harvesting technology of various fishing methodologies for
northern squawfish in Columbia River reservoirs.
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(2) Field test the effectiveness of identified commercial harvesting systems, i.e., fishing
methods, holding facilities, and transportation.

(3) Integrate the "Harvesting Technology” research with other components of the
study, i.e., coordination to ensure research and data collection are designed to
support the "Economic Feasibility" study.

(4) Assess poteiltial for incidental catch mortality of valued species for each of the
gear types tested for use in northern squawfish harvesting.

The "Harvesting Technology” project period is 1 February 1989 - 31 March 1990. The report
covers activities concerned with literature search, gear selection, gear design and construction,
field testing of gear, data acquisition, bolding mortality of incidentally caught species, and
gear efficiency comparisons.

The project began with a two-month (March-April) information search which included
literature review and personal contacts with biologists, fishermen, and fishing gear
manufacturers who had experience with commercial or control fisheries on non-game
freshwater species (Mathews et al., 1990, Appendix C-1). Based on this information, gear
types were selected for field testing. Gear equipment was purchased, and two Boston Whalers,
open outboard-powered boats, were appropriately outfitted. One was a 22-footer with a
200-hp engine provided by Oregon Department of Fish and Wildlife to our project; the other
was a 20-footer with a 165-hp engine chartered from the University of Washington. A field
station which included housing, storage and working facilities was leased in Umatilla, OR.

Preliminary fishing activities commenced in April 1989. For the period 15 May-12 August,
a pre-set spatial/temporal pattern of fishing and biological sampling in the John Day reservoir
was followed, except for minor modifications required by weather and other unforeseen events.

During our project we evaluated only commercial fishing gear types as control
alternatives. Other techniques to reduce squawfish predation on salmonids have been
researched and could be utilized in conjunction with a commercial fishery (Jeppson and Platts
1959; LeMier and Mathews 1962; Hamilton et al. 1970; Poe et al. 1988).

A commercial fishery has several advantages. It is well-known that virtually any stock of
fish can be reduced substantially by commercial fishing if economic incentives are high. A
commercial fishery could use an existing pool of skilled manpower and boats at times when
not alternatively employed. A commercial fishery might be easier to regulate and evaluate
than a sport fishery, which is another control alternative, because fewer but more efficient
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individuals would be involved with the former. If a market can be developed for northern
squawfish, there is potential for economically self-sustaining control. Additionally, a potential
resource would then be utilized.

If a commercial fishery is to develop, potential fishermen need to know expected CPUE
by location and season, investment and operation costs of suitable gear and equipment, and
various operational constraints such as weather and water conditions and availability of
ancillary facilities like moorage and launching sites. Our project is intended to provide such
information. Additionally, fishermen need to know expected prices, product forms, and
handling and delivery requirements. Such data are products of the sister study by OSU.

The fishery management agencies have several concerns to face in developing a
commercial northern squawfish fishery. How can squawfish be harvested with least impact
on other species? Can squawfish be commercially harvested in 2 manner that does not interfere
significantly with other users of Columbia River water resources? Does squawfish harvesting
effectively reduce salmonid predation? And finally, are there any adverse ecological effects
with reduction of squawfish populations? Informational needs for certain aspects of these
questions are also to be provided by our "Harvest Technology” project.
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METHODS

Selection of Fishing Gear for Testing

Our main criteria for gear selection were (1) that it be adaptable to commercial vessels
of the sizes and types generally used in the Columbia River and adjacent regions, and (2) that
it be suitable to the physical environment of Columbia River reservoirs. Columbia River
fishing vessels tend to be less than 30, are outboard or inboard/outboard powered, and may
be open (no cabin). We therefore considered the following gear types as potential candidates
for field testing: Purse seine, baited longlines, beach seine, baited pots, set gillnet, drift gilinet,
and trap net.

Table C-1 summarizes our selection process. We developed a subjective scoring system
(1-3 points), ranking each gear type according to the 10 criteria shown. A high-ranking score
indicates relatively high degree of potential suitability.

Purse seining is relatively untested, particularly away from dam areas. It can be done
from small boats, but usually two boats are needed. Specific modifications must be made to
a boat, but these might not be too costly if a boat already had a net reel and hydraulic system.
Product quality should be excellent since the fish are alive at capture; live capture also allows
the potential of releasing other species unharmed. Purse seining would be difficult in high
winds which are common in Columbia River reservoirs. Two or three crewmen are required,
but seining, as opposed to stationary gear types, would not have gear-tending requirements,
nor would conflict due to entanglement with sport fishermen or other vessels be a likely
problem. Purse seining is limited to depths greater than the net depth.

Baited long-lines have not been previously tested for squawfish and are easily and cheaply
adaptable to boats of any size capable of handling the water conditions. Longlines can be
fished at any depth, in most weather, and in all current conditions, except perhaps the turbulent
boils immediately below the dam spillways and power houses. Most fish would be alive at
capture, and therefore of good quality. Incidental mortality of desirable species from hooking
and handling is the main potential problem. Also, longlines and associated buoy lines have
potential for entanglement conflicts with other boats and fishermen.

Beach seining is a simple and inexpensive method easily adapted to small boats. It has
advantages similar to purse seining: Live product, ease of release of incidental species, and
lack of tending requirements. However, suitable beach seining sites are limited and previous
researchers reported very low catch rates of large (>250mm) squawfish using beach seines.
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Table GI. Criteria for choice of test gear types:
Most advantageous = 3, |east advantageous = 1.

- - G B —— . - - . - W R R e T G M S e e e am -

Purse Baited Beach Baited  Set Drift Trap
sei ne longline seine pots gillnet gillnet net

—————— - — - - . T - - . W e - - - -

Adaptable to present

boat s 2 3 3 2 3 - 3 2
Fi shabl e in nost

ar eas 1 3 1 3 3 1 1
Rel atively untested 3 3 1.5 3 1 2 1
Qpi ni ons of others 2 3 1 1.5 1.5 1 2
H gh quality of

?ive pr oduct 3 2 2 2 1.5 2 3
Low i nci denta

cat ch 3 2 2 2 1 1 1
Ease of handling 1.5 3 2 2 3 2 1
Suitable in bad

weat her 1 3 1 3 3 2 2
Low i nvest nent 2 3 3 2 2 2 1
Tendi ng

requi renments 3 2 3 1 1 3 1
Tot al 21.5 27 19.5 21.5 20 19 15
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Baited pots have been little tested and could be fished virtually anywhere. They could
also be left out in bad weather and would continue to fish. They would probably have to be
deployed for considerable time periods (perhaps overnight), which might reduce product
quality or even induce mortality of northern squawfish and other species entrapped. Pots are
fairly expensive items and untended ones might entice theft.

Gillnetting is perhaps the most commonly used and productive small-boat gear type in
the world. Gillnetting is inexpensively adaptable to small boats. Stationary gillnets can be
set many places except in heavy current while drift gilinets can be employed in fast current,
but would probably not be efficient out of current. Gillnets are easy to handle and fishable
under most weather conditions. Stationary nets may require tending and have potential for
entanglement conflict. Since fish captured by gillnets are often dead at capture, product
quality of target species may be a problem with gillnets, and there could be adverse impacts
on populations of incidentally caught species. Set gillnets have been used extensively for
northern squawfish capture in the Columbia River and elsewhere, and abundant data exist
on catch rates. Drift gillnets have been less tested.

Trapping is another form of capture that yields a live, potentially high quality target
product with good potential for unharmed release of incidentally caught species. Two types
of traps have been extensively investigated on the Columbia River, the Merwin trap and the
lake trap. The Merwin trap, a modified version of a floating salmon trap, was developed by
the Washington Department of Fisheries (Hamilton et al. 1970). A Merwin trap is a large,
cumbersome structure with usually a long lead and requiring specialized vessels and
considerable manpower to move about and set. Tending and maintenance requirements are
high. Merwin traps have been shown to be very effective on northern squawfish in certain
situations such as spring (presumably spawning) migration in weather-protected sites. Unless
the physical support and float systems were stronger than those previously tested, these traps
could not be used effectively along unprotected shorelines or areas of even moderate current.

The lake trap (Nigro et al. 1985) is smaller than the Merwin trap and readily adaptable
to small-boat use. Like the Merwin trap, the lake trap cannot be fished in much current and
requires considerable cleaning and tending. Furthermore, this gear type was tested for several
years in the John Day reservoir during the research efforts involved in assessing northern
squawfish and other predator populations. Low catch rates [averaging three squawfish or less
per trap haul over extensive tests (Nigro et al. 1985, 1984)] and relatively high handﬁng
requirements indicated this would probably be an inefficient commercial gear type.
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With these considerations in mind, we selected purse-seining and long-lining as potentially
effective, relatively untested gear types that should be tested most extensively. We also felt
pots should be tested on a spot-check basis. Also, we added gillnets - both set and drift — to
our repertoire for field testing. We were fairly certain that incidental catch mortality during
much of the year would often cause such gear to be inappropriate. However, gilinets have
been relatively untested for northern squawfish in the winter, and there were circumstances
cited in the literature in which northern squawfish were efficiently captured by such gear
(Foerster and Ricker 1941; U.S. Fish and Wildlife Service 1957). Also, gillnetting indices of
northern squawfish abundance by age-class were previously established for the Jobn Day
reservoir and the cooperating agencies (University of Washington, Oregon Department of
Fish and Wildlife, and U.S. Fish and Wildlife Service) desired to maintain continuity in
population assessment methodology during the present sampling season. Thus, the use of
gillnets was for biological monitoring purposes (Vigg and Burley 1990) as well as for assessing
this gear type for commercial fishery potential.

Due to numerous factors, we effectively had two sampling seasons: April through August,
or summer sampling season, and September through November, the fall sampling season.
During summer sampling we set out to determine the most efficient gear for capturing northern
squawfish, in terms of the least incidental catch and highest squawfish catch rates. In the fall
we emphasized improvement on the longline gear and the effects of bait type, hook type, and
fishing depth on fishing success.

Description of Purse Seine Gear

Seine length was 350 ft (107 m). Hung depth of the mesh was 25 ft (7.6 m), but the purse
rings hung down an additional 2 ft (0.6 m), so the total depth of the gear was 27 ft (8.2 m).
Web was #12 knotted twine, 2.5 in. (6.35 cm) stretch mesh in all but the 35 ft (10.7) bunt
which was 2 in. (5.08 cm) stretch mesh. Lead-line was 150 lbs (68 kg) per 100 fathoms (183
m). Corks were placed every foot (30.5 cm), except in the bunt where they were spaced 6 in.
(152 cm) apart. Purse line was 7/16-in. (1.1 cm) diameter woven nylon. Initially, the net was
hung with 50 purse rings spaced every 7t (2.1 m), but this was an excessive number and caused
bandling difficulty. We therefore removed half, leaving 25 rings at 14 ft (4.3 m) spacing.

Special equipment to fish the seine is shown in Figure C-1. This included a 3 ft (91.4 cm)
wide by 3.5 ft (106.7 cm) diameter chain-driven drum; a net level-wind mechanism operated
intermittently by a hand control valve; a set of bow fairleads for net retrieval; a boom and

block arrangement for pursing and suspending purse rings during retrieval; a 5-in. (12.7 cm)
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Drum, fairleads, boom and block, "hairpin', hydraulic valves.

Purse seine equipment

Figure C-1,




gypsy winch for purse line hauling; a gasoline-driven hydraulic power pack (8 hp gas motor,
6 gpm pump); hydraulic lines (0.5 in., 1.3 cm) and valves; and a "bairpin” for suspending purse
rings during retrieval.

This equipment was mounted on the 20 ft (6.1 m) UW Boston Whaler. Two separate
vessels were used as seine skiffs during trials: A 14 ft (4.3 m) aluminum skiff with 15 hp
outboard, and the 22 ft (6.7 m) ODF&W Whaler with a 200 hp outboard motor. Neither vessel
was well suited because they lacked a suitable midship towing bar. The Whaler was more
suitable because it could tow from the bow in reverse. This was satisfactory, particularly since
it allowed the skiff operator to view the operation without having to turn around.

Description of Longline Gear

The mainline, gangions, winch, and fairlead are shown in Figure C-2. The longline system
consisted of 1.5 mm diameter (250 Ib, 113.4 kg test) monofilament groundline with brass-bead
stops every meter, nylon gangion snaps with push-on attachment design, and 12 in. (30.5 cm)
long monofilament gangions with hooks of various types and sizes. Anchors of 15 Ib (6.8 kg)
lead-filled steel pipe and A2 Polyform buoys were placed at both ends of a section of
groundline. Smaller anchors (5 Ib, 2.3 kg sash weights) and floats were attached by halibut
snaps to the groundline alternately at various spacing distances to suspend the baited hooks
at varying depths off the bottom. A normal set was 50-75 hooks on 300400 ft (91-122 m) of
groundline.

We tested two setting methods: A hand-operated winch, and a hydraulically operated
drum. The hand-operated method was the best, since the boat operator could feel the tension
on the groundline through the pressure on the winch handle during setting and retrieving, and
could adjust boat speed accordingly. Keeping proper tension in the groundline was an
important aid to the person snapping or unsnapping the hooks. Hydraulically or electrically
operated systems (or an alternate hand reel system) might ultimately be most efficient, but
proper location of drum, fairlead, and boat controls is crucial to a smooth operation. In our
operation, the reel and fairlead were so arranged that gear was set in rever se and retrieved
in forward over the bow. Two people were needed to operate our gear, but more efficiently
designed systems could be operated by one person.

Hooks were normally 3/0 stainless steel "steelhead/salmon” type (Figure C-3). This hook
was easiest to bait and unbait and stayed sharp well. Alternative hook styles tested were 3/0
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Reel, fairlead, groundline,‘ gangion snap.

Longline equipment

Figure C-2.




Hooks, baits, hookboard.

ILongline gear:

Figure C-3.




steel Kahle horizontal hook (English bait hook), 3/0 tinned circle hook, and 3/0 tinned "J"
hook. A double hook arrangement was also tried by tying two steelhead/salmon hooks on a
single gangion approximately one inch apart.

Baits were usually whole saimonid smolts (2.5"4", 6.4-10.2 cm) or cut chunks of salmonid
smolts. The smolts were obtained from the McNary Dam smolt collector operated by the
U.S. Army Corps of Engineers. Dead smolts are collected regularly on the drift screens
throughout the summer. We used fresh, frozen, and salted baits. Other baits tested during
the summer were trout-perch, cottids, salmon eggs, and cut chunks of squawfish and suckers.
During the fall months, American shad were beach seined and used fresh and salted. Any
crayfish caught in the baited pots were also cut up and used for bait. Other alternative baits
tested were nightcrawlers and salted herring.

Gangions of various breaking strengths were tested, and 30 Ib (13.6 kg) test seemed most
satisfactory. Materials of lighter test became snarled and twisted. Gangions of 30 Ib (13.6
kg) test usually broke when large sturgeon or catfish were hooked. Large fish which could
not break loose tended to foul the gear. The 30 Ib (13.6 kg) gangions seldom became snarled
or twisted.

The unique gangion snap had a simple but effective swivel mechanism, an important
feature which prevented gangions from twisting on themselves or around the groundline. The
bitter end of the gangion fastened through a small hole in the snap and was secured by a bead
and a double overhand knot (Figure C-2). The gangions were stored on hookboards where
they could be baited or debaited as a group before and after being set (Figure C-3).

Description of Gillnet Gear

Surface nets were 75 ft (22.9 m) long and sunken nets were 150 ft (45.7) long. Sunken
nets were 10 ft (3.1 m) deep and surface nets were 20 ft (6.1 m). Leadline was 1.1 pound per
fathom (0.27 kg per meter) for all gillnets, and cork spacing and size were variable as required
to float a surface net or allow a bottom net to sink. Mesh sizes of 2.5, 3.5, and 4.0 in. (6.4, 8.9,
102 cm) stretch mesh were employed. Each 150 ft (45.7 m) net consisted of six 25 ft (7.6 m)
panels, two of each mesh size installed in random order. Anchors (15 1b, 6.8 kg) and buoys
were attached to each end of a net. Both bottom and floating nets were set horizontally and
generally cross-current. Surface nets were used for both stationary and drift sets. The drift
sets were set without anchors as close to the powerhouse as river turbulence allowed and
drifted downstream for 15-30 minutes per set.
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Nets were hand-set and hauled out of 30 gallon (114 liter) plastic garbage cans (Figure
C-4). Normally, two people set and retrieved the nets, pulling the boat to the net at retrieval,
without power. A hydraulic drum could be used in these operations, in which case one person
could handle the nets.

Description of Pot Gear, Lake Trap, and Beach Seine

Our pots were commercially built shrimp pots (Figure C-5). They consisted of a
rectangular iron reinforcing bar framework (18"x18"x36", 46x46x91 cm) covered with 1 inch
(2.54 cm) stretch mesh knotless netting. There were in-facing conical tunnels at each end
which originally tapered to 1 inch (2.54 cm) diameter openings. The openings were modified
to 3,4 and S in. (7.6, 10.2, 12.7 cm) diameter to accommodate entrance of northern squawfish.
Pots were baited with salmon smolts and fished singly with a buoyline on each. Usually, they
were fished overnight.

The lake trap tested briefly for this study was used for previous predator/prey research
on the Columbia river (Nigro et al. 1985). It had a 200 feet (61 m) long lead made of 1.5 inch
(3.8 cm) bar measure nylon mesh and two 30 feet (9.1 m) long wings with 1.25 inch (3.2 cm)
bar measure nylon mesh. The capture box had a 7 inch (17.8 cm) square opening and was
made of 1inch (2.5 cm) bar measure nylon mesh.

The beach seine was 96 feet (29.3 m) long and made out of 1/4 inch (0.64 cm) stretch
mesh with a centrally located bunt. The depth of the seine was approximately 10 feet (3.05
m) at the bunt tapering to 4 feet (1.2 m) on either end. The net was deployed off the bow of
a 22 foot Boston Whaler and retrieved by hand to shore.

Pur se Seine Field Sampling Procedures

We did not seine according to any regular temporal-spatial schedule. Much of the effort
consisted of designing, outfitting, physically testing, and modifying the seine in various ways
to physically improve its operation.

We first tested the gear in Lake Washington on S July, making four complete sets. Because
of problems encountered, we modified the net-handling gear in several ways and removed
half of the purse rings. On 7 July, we again tested in Lake Washington, making three sets and
finding the gear mechanically satisfactory. These sets required approximately thirty minutes
to set, retrieve and prepare for the next set.
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Figure CH4. Gillnet gear.
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Figure C-5. DPot gear.
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On 19 July, we tested the gear in mid-channel of the upper John Day reservoir in the
vicinity of the Umatilla marina entrance. We surveyed the area with depth sounder first to
find a suitably wide section 30 ft (9.1 m) deep or greater. We set, but snagged the bottom.
The current (about 2.0 ft per second) caused the whole net to sink, and it was nearly lost. By
cutting the purse line we were able to free it.

After repairs to the net, we next seined on 20 and 21 July near the Irrigon hatchery. Water
depth was 40-60 ft (12.2-18.3 m) and current approximately 1.0 ft per second. We made five
complete sets with no problems encountered. We fished this same area again on 23 July,
making four sets at that time. We tried towing the net both upstream and downstream for
15-30 minutes before closing. The seining went smoothly and hauls required about 15 minutes
each, or longer, depending on towing time.

We fished the spill basin below McNary Dam on several dates, beginning the week of
17-21 July. The water there was 30-40 ft (9.1-12.2 m) deep. There was little current in the
center of the basin at this time. At the south end of the basin, near the Oregon ladder entrance,
there was considerable turbulence, however. During one set, we were drawn into the
turbulence, which caused the net to collapse and tangle. The net had to be taken ashore to
straighten. We snagged the bottom with the seine several times in the spill basin even though
the depth was 30 ft (9.1 m) or greater on the depth recorder. Apparently, the purse line hung
down below 30 ft (9.1 m) in places.

We attempted one modification of the seine to allow it to be fished in shallower waters.
We raised the leadline by placing vertical 20 ft (6.7 m) lines (#36 seine twine) between the
cork and lead lines. These were placed at the breast lines (each end) of the net and above
each of the rings. Thus, there were 27 vertical lines in total. So modified, the depth of the
seine was limited to 22 ft (6.7 m) (including the 2 ft bridles for the rings). We made four sets
with the modified seine in the McNary spill basin on 22 July. Catches of all species were
substantially less than catches before modification. Furthermore, tangles were frequent and
the seine did not appear to "hang” well. Purse rings tended to get caught between the vertical
lines and the web. This modification did not seem to be an appropriate way to shallow the
seine, and subsequently, the vertical lines were removed. To effectively shallow this seine, it
would be necessary to rehang the net with shallower web.

In September, sets were made directly before or after longline sets and in identical
locations in order to compare catching efficiency of these gear types. Most of this effort was
based in the McNary forebay, although a few such paired sets were made in other transects
of the upper John Day reservoir.
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Longline and Giiet Field Sampling Procedures

Five transects within the John Day reservoir were chosen for sampling during the summer
months. These five areas include nearly all habitats identified within the reservoir by past
studies (S. Vigg, C.C. Burley, ODF&W pers. comm.). The McNary transect includes the
upstream faster current area of the reservoir; the Irrigon, Paterson, and Arlington areas
represent slower current areas; and the John Day transect represents the very slow current
"pool" portion of the reservoir.

Each transect was sampled during three separate weeks throughout the summer (15
May-12 August): Early, mid-, and late summer. A 12-week sampling schedule was devised
in order to allow three weeks of sampling at each transect. Irrigon and Paterson transects
were fished simultaneously because of their close proximity to one another. Three days of
fishing were initially scheduled for each week, allowing two days each week for gear
maintenance and laboratory WOk for the biological samples collected from the bottom gillnets
(Vigg and Burley 1990). Generally speaking, this field schedule was met; however, heavy
winds sometimes restricted the efficiency of our operations. During one week, the sampling
was reduced to two days because of other activities, but the hours per day were increased
accordingly.

Surface gillnets, bottom gillnets, and longlines were initially tested, but the surface gillnets
were dropped after the first month of the sampling season because of their apparent
inefficiency and in order to increase sampling effort with bottom gillnets.

The number of sets for each type of gear changed slightly throughout the summer;
however, a typical daily routine would be:

o Set three bottom gillnets (or two bottom gillnets and one surface gillnet)
« Set two or three longlines (50-75 hooks)

o Pull all gillnets

o Set three more gillnets

o Pull all longlines

. Pull all gillnets

With this schedule we were able to fish the bottom and surface gillnets for approximately .o
hours each and fish the longlines from three to four hours each. Sampling occurred at various
hours throughout the day (Table C-2).
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Table G 2. Frequency distribution for time of day of setting
gillnets and longlines in the John Day reservoir,
April - August 1989.
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Data collected for each piece of gearwere basically standard for most sampling: Location,
start time and date, stop time and date, gear type, depth gear was fished, water temperature,
and numbers of fish caught. We also tried collecting more general variables, but measurement
difficulties were encountered. These variables were water turbidity, substrate type, wave
height, and current speed. The Secchi disk reading was difficult to read in high waves (which
was a common condition). Wave height was also difficult to measure and very subjective. A
0.025 cubic meter Van Veen grab sampler was initially used to determine bottom substrate;
however, it would not retrieve anything but mud and silt. Small rocks would often stick in the
jaws and hold the mouth open. It also did not work in heavy current or areas that had twigs
and sticks on the bottom. Surface current was measured by the "floating chip” method, but
this was suitable only on calm days when the boat speed was zero relative to the water speed.

During the fall we focused our efforts on developing the longline. Gillnets were
occasionally fished in order to supplement a CPUE comparison between the gillnets and
longlines. Longline sampling emphasized bait and hook comparisons, gear comparisons, soak
time experiments, and commercial application tests. A new data sheet was designed which
facilitated the recording of data on each hook. Data collected for each hook included depth
fished, hook type, bait type, species and length of fish caught, hook location, catch condition,
returning hook condition, and returning bait condition. Fishing occurred in three locations
on the Columbia river; Irrigon, McNary tailrace (equivalent to the McNary transect of the
summer sampling effort), and McNary forebay.

Live Holding Observations

Recreationally important sportfish caught on the longline were held in live pens to test
for hooking mortality from 2 June through 2 November. Three 4'x4’x8’ deep (1.2x1.2x2.4 m)
pens were used as well as one large pen, 8'x20°x8’ deep (2.4x6.1x2.4 m) (Figure C-6). The
pens were secured to the docks at the Umatilla marina. White sturgeon, Acipenser
transmontanus, and channel catfish, Ictalurus punctatus, caught in the McNary transect were
transported by boat in 30 gallon (114 liter) cans to the live pens. No other species of sportfish
was caught often enough to be included in this study. Fish were held from three to seven days;
however, all observed mortality occurred within the first day.

Due to irregular catches of white sturgeon and channel catfish, holding densities varied
greatly. Fish collected throughout a week of sampling were held in a single pen and released
at the beginning of the following week.
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Figure c- 6. Live holding pens.
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Baited Pots, Lake Trap, and Beach Seii Procedures

During the summer one baited pot was fished continuously for seven days in the Umatilla
marina (12 ft, 3.7 m), and three pots were set overnight at the mouth of the Umatilla River
on one occasion (7-15 ft, 2.1-4.6 m). In September, five pots were fished overnight for one
night only and in October five pots were fished continuously for five days. Pot openings ranged
from 3 to S inches in diameter.

A lake trap was set on 1 November and pulled on 3 November, 1989. The net was set
perpendicular to shore at the McNary tailrace boat restricted zone boundary on the Oregon
shore. It was checked every morning and evening. The lead was anchored on shore and the
basket sat in roughly 25 feet of water.

Beach seining occurred from 3 October through 15 October. The primary emphasis of
this gear was to capture juvenile American shad for use as bait on the longline. Seine hauls
were made in the morning hours over sand or cobble substrate. Site selection was variable
and sets were made until an adequate supply of American shad was captured for a day of

longlining.

166




RESULTS

Purse Seining

Table C-3 summarizes the catches of all species by purse seining in the John Day reservoir
and McNary forebay. A total of 92 northern squawfish was caught. American shad was the
second most abundant species. With the exception of American shad, all non-squawfish
released from the seine appeared healthy. American shad appeared weak at release and on
two occasions dead ones were observed in the area after seining. These American shad may
have been spawned-out, and thus weakened.

Each set took between 10 and 40minutes to complete. The catch per unit of effort (CPUE)

was calculated at 1.76 northern squawfish per set with a mean of about 20 minutes per set for
all seine hauls, which resuited in a catch per hour of 3.917 northern squawfish.

The single set made off the Umatilla Marina on 19 July (which hung up) did yield 18
American shad, but no other species.

The nine sets made in the vicinity of the Irrigon hatchery yielded no fish. Mechanically,
the gear seemed to work well. Because of the net depth and amount of current, we could not
get too close to shore, where experience with other gear types suggested that fish would be
found. We were restricted to the main channel of the river.

In the McNary spill basin we made a total of 17 successful sets (no hang-ups) in July,
including four in which the net was "strung" to hang 22 ft (6.7 m) deep. One set was made in
the spill basin in August and caught no squawfish.

InSeptember, all sets made in the upper John Day reservoir were unsuccessful in capturing
northern squawfish. We were successful in the McNary dam forebay in two locations. Three
squawfish were captured in a no current, hold up area just above the lock entrance on the
Washington side of the dam. These were all caught in separate seine hauls. One squawfish

was caught in a low current area on the Oregon shore over a steep drop off approximately
one half of a mile above the dam.

There was no detectable diurnal variation in catch rates, however, there is suggested
temporal variation in the McNary spill basin. A more definitive sampling design is needed
with a larger sampling effort before conclusions can be made.
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Table C-3. catch per hour for purse seining in John Day reservoir 1989.

Mont h JULY AUGUST
Transect [rrigon McNar y MeNary
spill basin spill basin

SPECI ES #FI SH CPUE #FI SH CPUE $FISH CPUE
Northern squawfi sh 0 0. 000 88 | 0.588 0 0. 000
Aneri can shad 0 0.000 51 6. 706 1 2.000
Cat ost om ds 0 0.000 29 4.471 2 4. 000
Carp 0 0.000 13 1. 529 2 4. 000
St eel head 0 0.000 4 0. 588 0 0. 000
Chi nook sal non 0 0. 000 4 0.471 1 2.000
Sockeye sal non 0 0. 000 3 0.471 0 0. 000
Chi sel mout h 0 0.000 3 0. 353 0 0. 000
\l | eye 0 0. 000 1 0.118 0 0. 000
Total # sets 9 17 1
Squawf i sh cat ch/ set 0 5.18 0

Mont h SEPTEMBER _

Transect Pat er son McNar y [rrigon McNary

spill basin forebay

SPEAES .. 8 OE o OPLE 4 G ¢ OPE
Northern squawfish 0 0.000 0 0.000 O 0. 000 1 1.471
Ameri can shad 0 0. 000 2 2.000 O 0. 000 0 0. 000
Cat ost omi ds 0 0.000 0 0.000 O 0. 000 0 0. 000
Carp 0 0. 000 0 0.000 O 0. 000 0 0. 000
St eel head 0 0. 000 5 5.000 O 0. 000 2 0.618
Chi nook sal non 0 0.000 3 3.000 O 0. 000 1 0. 368
Total # sets 2 4 3 16
Squawf i sh cat ch/ set 0 0 0 0.25

SPECI ES # CPUE
Nort hern squawfish 92 3.91402
Aneri can shad 54 2.38461
Cat ost om ds 31 1.53846
Carp 15 0. 57692
St eel head 11 0.76696
Chi nook sal non 9 0.53619
Sockeye sal non 3 0.15384
Chi sel nout h 3 0.11538
Val | eye 1 0.03846
Total # sets 52

Squawfi sh catch/set 1.76
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Longlining
Longlining was a very successful method in terms of maximum northern squawfish CPUE
with minimum incidence of other species in the catch.

During the summer sampling period we made 115 sets. Number of hooks per set averaged
56 and ranged between 25-150. Average soak time averaged 5.5 hours and ranged from 15
minutes to 20 hours. Total hook-hours was 36,558. The northern squawfish catch totaled 525,
which translated to about five fish per set or 0.0244 fish per hook-hour. In terms of hooks set
per fish caught, the statistic commonly referred to in commercial longline fisheries, we
averaged about 12 hooks/northern squawfish.

Northern squawfish comprised 72% of the fish caught onlonglines (Table C4a). Channel

catfish and white sturgeon comprised 23%. The remaining 5% were suckers, American shad,

carp, cottids, bullheads, and yellow perch. No bass, and surprisingly, no walleye were taken
on longlines.

In terms of hooks set per northern squawfish caught, the highest success rate was in the
McNary section. Here we caught 403 northern squawfish for 3,568 hooks set, an average of
one northern squawfish per 8.9 hooks set. Catch rates as high as one fish per 4-5 hooks set
were commonly encountered in the McNary section early in our test period. Success tended
to decline towards the end of our sampling period. In the Arlington section, an average of
12.7 hooks was set per northern squawfish caught. In the other three sections, longlining was
far less successful according to this measure, requiring 23-42 hooks per northern squawfish.

In terms of the alternative measure of success, squawfish per hook hour, the Irrigon area
yielded the highest overall catch rate (Table C-5a), followed closely by the McNary section.
However, such a comparison may be misleading in that we made a number of overnight sets
in the McNary transect but not in the other sections and catch rates per hook hour tended to
drop off significantly with length of time set. For all areas combined catch per hook hour was
greatest in April, however, sampling effort was quite low during this month. May and July
had the next highest catch per hook hour with 0.02 and 0.02. The overall mean for the summer
sampling season for the longline was 0.02 northern squawfish per hook hour. This is equivalent
to 1.2 squawfish per hour for a-50 hook longline.

Due to the results of the summer sampling season we focused our fall sampling effort in
the McNary and Irrigon transects. Our goal was to determine affects of bait and hook type
on catch rates and to record a by hook analysis of catch in order to determine depth
distributions of northern squawfish. Also, tests to determine the application of the longline
to a commercial fishery were attempted.
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Table C4a. Total catch by species fromlonglining in the John Day
reservoir, April-August 1989.

TRANSECT

PATERSON ARLI NGTON JOHN DAY MCNARY | RRI GON TOTAL

CF % # 5  F 0% # % # % - %
N.Squawfish 26 60.5 57 75.0 26 66.7 403 75.3 13 39.4 525 72.5
C. Catfish 3 7.0 11 14.5 8 20.5 58 10.8 3 9.1 83 11.5
W Sturgeon 4 9.3 0 0.0 2 5.1 60 11.2 15 45.5 81 11.2
cottids 9 20.9 2 2.6 1 2.6 0 0.0 2 6.1 14 1.9
YellowPerch 1 2.3 2 2.6 0 0.0 5 0.9 0 0.0 8 .1
Bul | heads O oo 2 26 2 51 3 06 0o 0.0 7 1.0
Cat ost om ds 0 0.0 0 0.0 0 0.0 4 0.7 0 0.0 4 0.6
Carp 0 0.0 2 2.6 0 0.0 o 0.0 o 0.0 2 0.3
Am  Shad 0 0.0 0 0.0 0 0.0 2 0.4 0 0.0 2 0.3
TOTAL 43 0 76 60 39 535 33 724
#sets 11 14 21 59 10 115
#hooks 600 722 1100 3568 455 6445
*hook*hours 1400 3233 8313 22108 1504 36558
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Table C4b. Total catch by species from longlining by
| ocati on for Septenber-Novenber 1989.

TRANSECT
McNar y MeNary [rrigon TOTAL
tailrace forebay
# % # % # % # %

- . - - s G G e CE AE G S W G WS e e ED W TR N S WS MR S SR e G e s e

N Sguawfish 103 58.5 17 53.1 9 81.8 129 58.9
C. tfish 27 15.3 12 37.5 2 18.2 41 18.7
W Sturgeon 18 10.2 0 0.0 o 0.0 18 8.2
cat ost om ds 9 51 0 0.0 O 0.0 9 4.1
YellowPerch 6 3.4 1 3.1 O 0.0 7 3.2
Bul | heads 6 3.4 0 0.0 O 0.0 6 2.7
cottids 4 2.3 0 0.0 0 0.0 4 1.8
Carp 3 1.7 0 0.0 O 0.0 3 1.4
Sm.Mth.Bass 0 0.0 2 6.3 O 0.0 2 0.9
TOTAL 176 32 11 219

#sets 66 11 ) 82
khooks 3175 528 240 3943

#hook*hours 19593 1804 1052 22449
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Table C5a. Mean catch per hook hour by |location, nmonth, and species
from longlining in the John Day reservoir for April-
August 1989. Catch per hook hour =
(# fish caught)/(# hooks fished * # hours fished)
calculated for each individual set.

TRANSECT
MONTH PATERSON ARLINGTON JOHN DAY McNARY |RRIGON ALL AREAS
APRI L -
N. Squawf i sh 0.0766 0.2667 0.1038
(779) (8) (786)
MAY
N. Squawfi sh  0.0133 0.0247 0 0073 0.0228
C. Catfish 0.0133 0.0048 0 0000 0.0051
W Sturgeon 0.0000 0.0026 0 0073 0.0027
Cat ost om ds 0. 0000 0.0014 0. 0000 0.0012
Bul | heads 0. 0000 0.0009 0. 0000 0.0008
YellowPerch 0.0000 0.0005 0. 0000 0.0005
(150) (5712) (138) (6000)
JUNE
N.Squawfish 0.0283 0.0080 0.0016 0.0175 0. 0049 0.0122
W Sturgeon 0.0052 0.0000 0.0008 0.0009 0.0153 0.0027
Cotti ds 0.0111 0.0020 0. 0001 0.0000 0.0022 0.0021
C. Catfish 0. 0000 0.0000 0.0004 0.0041 0.0029 0.0019
YellowPerch 0.0013 0.0000 0.0000 0.0007 0.0000 0.0005
Bul | heads 0. 0000 0.0020 0.0002 0.0000 0.0000 0.0003
(637) (1424) (5763) (8630) (617) (17071)
JULY
N.Squawfish 0.0139 0.0331 0.0054 0.0305 0.0098 0.0251
¥. Sturgeon 0.0000 0.0000 0.0000 0.0080 0. 0000 0.0042
C. Catfish 0.0018 0.0065 0.0034 0.0012 0.0026 0.0026
YellowPerch 0.0000 0.0018 0.0000 0.0001 0.0000 0.0004
Bul | heads 0. 0000 0.0013 0.0000 0.0000 0.0000 0.0002
Carp 0. 0000 0.0012 0.0000 0.0000 0.0000 0.0002
Am. Shad 0. 0000 0.0000 0.0000 0.0002 0.0000 0.0001
Cottids 0.0000 0.0005 0.0000 0.0000 0.0000 0. 0001
Catostomi ds 0.0000 0.0000 0.0000 0.0002 0.0000 0. 0001
(613) (1646) (1750) (6428) (742) (11179)
AUGUST
N.Squawfish 0.0061 0.0135 0.0341 0.0196
C. Catfish 0.0000 0.0013 0.0062 0.0028
(163) (800) (560) (1523)
APRI L- AUGUST
N.Squawfish 0.0217 0.0222 0.0052 0.0308 0.0333 0.0244
W Sturgeon 0.0028 0.0000 0.0004 0.0038 0.0069 0.0029
C. Catfish 0.0019 0.0037 0.0012 0.0029 0.0022 0.0025
Cottids 0. 0061 0. 0010 0.0000 0.0000 0.0009 0. 0008
YellowPerch 0.0007 0.0010 0.000.0 0.0003 0.0000 0.0004
Bul | heads 0. 0000 0.0014 0. 0001 0.0002 0.0000 0.0003
Catostom ds 0.0000 0. 0000 0. 0000 0.0004 0.0000 0.0002
Carp 0. 0000 0.0007 0. 0000 0.0000 0.0000 0.0001
Am Shad 0. 0000 0.0000 0. 0000 0.0001 0.0000 0.0000
(1401) (3233) (8313) (22109) (1505) (36561)
(total # hook%*hours)
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CPUE for the longlines decreased to 0.01 northern squawfish per hook hour for the fall
sampling season (Table C-5b). A total of 82 longlines was set in three areas; McNary tailrace,
McNary forebay, and Irrigon. This resulted in a total of 22,449 hook hours. 129 northern
squawfish were caught, constituting 58.9% of the total catch of all species (Table C-4b). Tables
5a and 5b show a decrease in CPUE for the major species in the Irrigon and McNary tailrace
transects from the summer sampling period to the fall sampling period.

Bait Comparisons

Catch rates for various baits are shown in Table C-6. These baits were all fished on 3/0
steelhead hooks in the McNary transect (just below McNary dam). In the fall, American shad
young of the year proved to be the most effective bait. These fish are abundant throughout
the reservoir at this time of the year and it is not surprising that the squawfish may tend to
target this particular food base. Salmon smolts were the next best bait for fall sampling;
however, the catch efficiency of smolts decreased substantially from one squawfish caught per
7.5 hooks set during the summer months to one squawfish per 21 hooks set in the fall.

Salmon eggs were tried in the spring, however, they did not last very long on the hook
and after a 2-hour set most of the baits were gone all together. It is interesting to note that
nightcrawlers had an extremely high incidence of non-squawfish catch. In relatively few trials
crayfish had fair catch rates on squawfish and no incidental catch; however, they are very
difficult to place on a hook and even more difficult to remove.

Hook Comparisons

Catch rate is only one of many important factors in choosing the best hook type for this
longline. Other important considerations include: ease of handling and baiting, ease of
removal from fish, and ease of maintenance of the hook (i.e. keeping the hook sharp and
unbent).

The 3/0 circle hook was not a good hook for this longline. When tested in the spring,
the catch rates were similar to those of the 3/0 steelhead hooks but they were difficult to
remove from channel catfish and white sturgeon without damaging the fish. They were also
more difficult to bait and debait. The double 3/0 steelhead hook setups did not show a very
high catch rate (Table C-6). They were more difficult to handle and time consuming to bait
and debait. The Kirby 3/0 tinned "J" hook had the best catch rate and a very low incidental
catch rate. However, they do not stay sharp for very long and thus have to be sharpened quite
often.
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Tabl e ¢c-5b. Mean catch per hook hour by l|ocation, nonth, and species
from longlining for Septenber-Novenber 1989.
Catch per hook hour =
(# fish caught)/(# hooks fished * ¢ hours fished)
calculated for each individual set.

TRANSECT
MONTH Irrigon MNary tailrace McNary forebay ALL AREAS
Sept enber
P N.squawfish 0.0099 0. 0042 0. 0107 0. 0067
c. Catfish 0. 0019 0. 0010 0. 0088 0. 0032
YellowpPerch 0.0000 0. 0005 0. 0007 0. 0005
Sm M h. Bass 0.0000 0. 0000 0. 0016 0. 0004
w. Sturgeon 0.0000 0. 0005 0. 0000 0. 0003
Bul | heads 0. 0000 0. 0003 0. 0000 0. 0002
Carp 0. 0000 0. 0001 0. 0000 0. 0001
(1052) (7641) (1804) (10497)
Cct ober
N. Squawf i sh 0. 0132 0.0132
C. Catfish 0. 0031 0. 0031
W Sturgeon 0.0014 0.0014
Bul | heads 0. 0006 0. 0006
cottids 0. 0005 0. 0005
YellowPerch 0. 0002 0. 0002
Carp 0. 0001 0. 0001
(7452) (7452)
Novenber
Cat ost om ds 0.0027 0. 0027
N. Squawf i sh 0. 0020 0.0.020
W  Sturgeon 0. 0011 0.0011
YellowPerch 0. 0005 0. 0005
C. Catfish 0. 0004 0. 0004
Cottids 0. 0001 0. 0001
(4500) (4500)
Sept enber - Novenber
N. Squawfi sh  0.0099 0. 0074 0. 0107 0. 0080
C tfish 0.0019 0.0017 0.0088 0. 0027
W Sturgeon 0.0000 0.0010 0. 0000 0. 0008
Catostomds 0.0000 0. 0006 0. 0000 0. 0005
YellowPerch 0.0000 0. 0004 0. 0007 0. 0004
Bul | heads 0. 0000 0. 0003 0. 0000 0. 0003
Sm M h.Bass 0.0000 0. 0000 0.0016 0. 0002
Cottids 0. 0000 0. 0002 0. 0000 0. 0002
Carp 0. 0000 0. 0001 0. 0000 0. 0001
(1052) (19593) : (1804) (22449)
(total # hook*hours)
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Table C-6. Catch sunmaries for various baits and hooks used for
longlining in the McNary transect of the John Day
reservoir, 1989.

Bait conparisons
(Al single 3/0 Steel head hooks)

- - - A e e G e G - - e e S P G G @ S - R A o e

JUNE- AUGUST _
Nunber of Squawfish |ncidental % Hooks set/
hooks set catch catch SQF SQF caught
Bai t
Sal non snolts 795 106 29 78.52 7.5

SEPTEMBER- NOVEMBER

Bai t
Anerican shad 312 18 10 64. 29 17. 33
Sal non snol ts 1284 61 33 64. 89 21. 05
Crayfish 96 3 0 100. 00 32.00
Smal | cottids 72 2 1 66. 67 36. 00
Ni ghtcraw ers 480 6 15 28. 57 80. 00
Herring 192 0 0 0.00 0.00
Sucker pi eces 36 0 0 0.00 0.00
Trout perch 72 0 3 0.00 0.00

Hook conparisons
(Al'l salnmon smolt bait)
JUNE- AUGUST
Nunmber of Squawfish |ncidental % Hooks set/
hooks set catch catch SQF SQF caught

Hook type
3/0 Ki r by g 50 11 0 100. 00 4.55
3/0 Kahl e
"English Bait" 412 78 14 84.78 5. 28
3/0 Steel head 1157 147 44 76. 96 7.87

SEPTEMBER- NOVEMBER

Hooks

3/0 Kirby »gr 108 6 1 85.71 18. 00
3/0 Steel head 1272 62 ; 33 65. 26 20.52
Doubl e 3/0

St eel head 108 1 2 33.33 108. 00

S G = S G S S S G D e S SR DD G G e S R G S S G . TR = e ——— i G G G D ED wm Gm S . . . - -




The two best hooks are the 3/0 steelhead and the 3/0 Kahle horizontal (English bait)
hook. Both are easy to bait and debait, easy to sharpen, and they stay sharp after many uses.
The Kahle horizontal hook is potentially the best hook. It had better results in catch
comparisons than the steelhead hook and is also very easy to bait and debait. In tests against
the steelhead hook the Kahle design caught 1.5 times as many squawfish. Longlines were set
with 50% Kahle hooks and 50% steelhead hooks and all hooks were baited with salmon smolts.

A total of 412 hooks of each type was fished; the Kahle canght 78 squawfish and the steelhead
hook caught 51.

Depth Distribution of Northern Sguawfish

_ During the fall sampling season, longlines were fished from surface to bottom in order
to estimate the depth distribution of northernsquawfish. Twelve hooks were evenly distributed
over each section of longline, between an anchor and a float, so that the relative fishing depth
of each individual hook could be estimated. Hooks were numbered from surface to bottom
(Figure C-7) and by dividing this hook location number by 13 and multiplying this number by
the actual water depth, an estimate of the actual depth that each hook was fishing could then
be calculated. Thus depth of capture for each squawfish was estimated. Considering the length
of the gangion and error involved due to the longline not hanging straight, these measurements
nonetheless should be relatively accurate to the nearest three feet.

Fish were caught effectively at all depths in the water column. Table C-7 shows
distribution of squawfish by depth of capture and depth of set. The number of sets made at
each depth was highly variable, however, it becomes readily apparent that, at least during the
fall, squawfish tend to be distributed throughout the water column, independent of water
depth. However, in sets in 30 feet of water and deeper squawfish tended to be less oriented
with the surface than in sets in shallower water.

Even though depth of capture for northern squawfish was not recorded during the summer
sampling period, our observations strongly suggest that the squawfish were scattered
throughout the water column at that time of year as well.

Commercial Application Tests

Tests were done in order to determine the amount of longline gear that could be set
during an 8 hour day and the amount of gear maintenance needed to maintain this level of
fishing for a period of three days. We determined that two fishermen in one boat could
effectively fish 500 hooks a day (ten 50 hook longlines) with an anticipated hook loss rate of
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Table C 7. Vertical location of capture of northern squawfish
on longlines stratified by depth of water in which
i ndi vidual sets were nade (Septenber - Novenmber, 1989).

Approximate Depth of Water .
in Wiich Gear was Set => 5 10 15 20 25 30 35 40 45 50 60 70 80

- NP
NP
—

-0

® T® 3 TM O TT D>
|_\
= O ~NoOUTN~ WRN
—

a0
==
o
(IR
|_\
—
—

® 9 C 40O -0
N N
N o ©

¢ty OO0 P oTEooCoon

20
w w
= O
—
[N
[N

D =

W ww

g b w
—

" oD -
w
©

iSN
w
—

Total Squawfish 6 44 10 29 12 8 4 8 3 0 3 0 2

178




approximately 4.5% per day. This means that it would take approximately three hours to set
ten longlines; including fueling boat, travel time between each location, and baiting hooks as
a group before each 5 longlines. It also takes approximately 4 hours to pull ten longlines,
depending on catch sizes. This leaves approximately one hour to replace broken hooks and
gangions, sharpen hooks, dispose of fish, and maintain boat and other gear.

Gillnetting’

Bottom gillnetting was surprisingly ineffectual for northern squawfish and the catch of
incidental species was relatively high. Northern squawfish comprised only 15% of the fish
caught in the bottom gillnets. Bridgelip and largemouth suckers comprised 59% of the catch
in numbers. Important recreational fish (American shad, white sturgeon, channel catfish,
walleye, small mouth bass, salmon, steelhead, white crappie, and yellow perch) comprised
25% of the catch in numbers (Table C-8).

A total of 175 bottom gillnet sets was made throughout the John Day reservoir during
both the summer and fall sampling periods; data from 165 of these were for biological
monitoring purposes (Vigg and Burley 1990). Soak time averaged 2.37 hours. A total of 136
northern squawfish was caught by bottom gillnets or about 0.3 per gillnet hour overall (Table
C-9). Of the 136 northern squawfish, 118 were caught during biological monitoring (Vigg and
Burley 1990). The McNary and John Day transects yielded higher northern squawfish catches
per gillnet hour (0.49 and 0.39) than the middle three sections. The high variability in catch
rates for northern squawfish by month in Table C-9 is probably an artifact of irregular sampling
and small sample sizes and not indicative of true time dependent catch rates.

Drift gillnetting with 75-ft lengths in the McNary tail race yielded no fish of any kind in
two tests.

Surface-floating set nets yielded a few northern squawfish (Table C-10) but this gear was
deemed relatively inefficient after early testing, and therefore was discontinued near the
beginning of the summer sampling season to allow for increased bottom gillnetting effort and

biological data collection. The ratio of incidental catch to squawfish catch was lower in the
surface nets than in the bottom gillnets.
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Table C-8. Total catch by species from bottomgillnetting in the
John Day reservoir, April-Cctober 1989.

| TRANSECT
PATERSON ARLINGTON JOHN DAY McNARY |RRIGON  TOTAL
8 0% & % & % # % # % ¢ %

oV

Cat ost om ds 9 37.5 165 79.3 215 63.4-123 42.1 30 50.8 542 58.8
N. Squawf i sh 3 12.5 23 11.1 39 11.5 65 22.3 6 10.2 136 14.8
Am Shad 1 4.2 7 3.4 37 10.9 24 8.2 7 11.9 76 8.2
W Sturgeon 2 8.3 0 0.0 O 0.0 46 15.8 8 13.6 56 6.1
C. Catfish 1 4.2 4 1.9 32 9.4 7 2.4 1 1.7 45 4.9
Chi sel nout h 2 8.3 3 1.4 7 2.1 1 0.3 1 1.7 14 1.5
Wl | eye 0 0.0 1 0.5 0 0.0 13 4.5 0 0.0 14 1.5
Sm M h. Bass 5 20.8 1 0.5 3 0.9 2 0.7 0 0.0 11 1.2
St eel head 1 4.2 0 0.0 4 1.2 3 1.0 2 3.4 10 1.1
Al Carp 0 0.0 1 0.5 O 0.0 1 0.3 2 3.4 4 0.4
AllBullhead 0 0.0 1 0.5 2 0.6 0 0.0 0 0.0 3 0.3
YellowPerch 0 0.0 1 0.5 O 0.0 2 0.7 0 0.0 3 0.3
Al Crappie 0 0.0 1 0.5 0 0.0 1 0.3 1 1.7 3 0.3
Coho Sal non 0 0.0 0 0.0 O 0.0 1 0.3 1 1.7 2 0.2
Sockeye S. 0 0.0 0 0.0 O 0.0 2 0.7 0 0.0 2 0.2
Chi nook S. 0 0.0 0 0.0 O 0.0 1 0.3 0 0.0 1 0.1
TOTAL 24 208 339 292 59 922

*sets 13 34 48 49 29 173
#gillnet hours 25.7 82.5 98.4 143.9 59.1 409.5
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Table CG-9. Mean catch per gillnet hour by species for bottom
gillnetting in the John Day reservoir, April-Cctober 1989.
TRANSECT
MONTH PATERSON ARLI NGTON JOHN DAY McNARY | RRIGON ALL AREAS
APRI L
N. Squawf i sh 3.0000 3.0000
MAY
Catostomds 0.2500 2.2581 1.3214 1.5219
N. Squawfi sh  0.2500 0.3250 0.2857 0. 2964
Chi sel routh 0.0000 0.1250 0.2857 0.1339
Coho Salnmon 0.0000 0.1250 0.2857 0.1339
Carp 0.0000 0.1366 0.0000 0.0683
JUNE
Catostomds 0.2830 1.2808 1.6346 1.0167 0.0000 0.9845
Am Shad 0.0714 0.0500 0.7137 0.2500 0.0714 0.2812
N. Squawf i sh  0.0000 0.1578 0.2821 0.4037 0.0000 0.2059
C. tfish 0.0714 0.0500 0.2433 0.0833 0.0000 0.1054
W Sturgeon 0.1374 0.0000 0.0000 0.2648 0.0000 0.0845
Chisel mouth 0.1429 0.0628 0.0000 0.0000 0.0000 0.0332
Sm Mh.Bass 0.0714 0.0000 0.0805 0.0000 0.0000 0.0316
Val | eye 0.0000 0.0000 0.0000 0.0787 0.0000 0.0193
YellowPerch 0.0000 0.0500 0.0000 0.0000 0.0000 0.0102
Sockeye S. 0.0000 0.0000 0.0000 0.0417 0.0000 0.0102
St eel head 0.0687 0.0000 0.0000 0.0000 0.0000 0.0098
JULY
Catostomds 0.4722 1.8681 2.4651 1.0475 0.6250 1.4156
N. Squawfi sh  0.2222 0.2432 0.5143 0.3341 0.1250 0.2878
Am Shad 0.0000 0.1500 0.4778 0.2783 0.1500 0.2387
w. Sturgeon 0.0000 0.0000 0.0000 0.5895 0.2000 0.1821
c. Catfish 0.0000 0.0721 0.4406 0.0887 0.0250 0.1363
Sm.Mth.Bass 0.4722 0.0240 0.0313 0.0000 0.0000 0.0373
Chi sel nouth 0.0000 0.0000 0.1288 0.0000 0.0000 0.0268
Val | eye 0.0000 0.0230 0.0000 0. 0916 0.0000 0.0262
Carp 0.0000 0.0000 0.0000 0. 0000 0.0500 0.0130
St eel head 0.0000 0.0000 0.0000 0. 0000 0.0500 0.0130
Cr appi e 0.0000 0.0250 0.0000 0. 0000 0.0250 0.0130
YellowPerch 0.0000 0.0000 0.0000 0. 0294 0.0000 0.0065
Bul | heads 0.0000 0.0000 0.0278 0. 0000 0.0000 0.0058
Chi nook S. 0.0000 0.0000 0.0000 0. 0096 0.0000 0.0021
Sockeye S. 0.0000 0.0000 0.0000 0.0047 0.0000 0. 0010
AUGUST
Cat ost om ds 3.9808 2.3047 0.8333 2.1004
N. Squawf i sh 0.2452 0.3684 0.3827 0.3570
C. Catfish 0.0000 0.2895 0.0000 0.1719
St eel head 0.0000 0.1053 0.1111 0.0938
W Sturgeon 0.0000 0.0000. 0.2222 0.0625
Am Shad 0.0000 0.0263 0.1605 0.0608
Chi sel nout h 0.0000 0.0526 0.0000 0.0313
Bul | heads 0.1250 0.0263 0.0000 0.0313
Sm M h. Bass 0.0000 0.0000 0.0988 0.0278
Val | eye 0.0000 0.0000 0.0556 0.0156
YellowPerch 0.0000 0.0000 0.0556 0.0156
Carp 0.1250 0.0000 0.0000 0.0156
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Table C9 Icontinued).

TRANSECT
MONTH PATERSON ARLI NGTON JOHN DAY McNARY | RRI GON ALL AREAS
SEPTEMBER
Cat ost om ds 0. 6667 0. 6667
Crappi e 0.2222 0.2222
W  Sturgeon ' 0.2222 0.2222
N. Squawt i sh 0 0
OCTOBER
N. Squawf i sh 1. 6528 1. 6528
Cat ost om ds 1. 0556 1. 0556
W  Sturgeon 0. 1250 0.1250
St eel head 0.1250 0.1250
Chi nook S. 0.1250 0.1250
APRI L- OCTOBER
Catostomds 0.3361 1.9429 2.1767 1. 0215 0.5222 1. 3472
N. Squawfi sh 0. 1068 0.2183 0. 3937 0. 4878 0. 1059 0. 319'1
Am shad 0. 0385 0.1029 0. 3630 0.1799 0. 1207 0. 1919
C. Catfish 0. 0385 0. 0571 0. 3273 0. 0492 0.0172 0. 1267
w. Sturgeon 0.0740 0. 0000 0. 0000 0. 3165 0. 1379 0.1173
Chisel mouth 0.0769 0.0185 0. 0638 0. 0098 0.0197 0. 0345
Sm M h.Bass 0.1838 0.0141 0.0322 0.0174 0. 0000 0. 0295
St eel head 0.0370 0. 0000 0.0417 0. 0294 0. 0345 0.0277
Vl | eye 0. 0000 0.0136 0. 0000 0. 0588 0. 0000 0.0192
Carp 0. 0000 0.0147 0. 0000 0.0107 0. 0345 0.0114
YellowPerch O G000 0.0147 0.0000 0.0196 0. 0000 0. 0083
Bul | heads 0. 0000 0.0147 0.0197 0. 0000 0. 0000 0. 0080
Crappi e 0. 0000 0.0147 0.0000 .o0.0087 0.0172 0.0080
Coho Sal mon 0.0000 0. 0000 0. 0000 0. 0098 0.0197 0. 0060
Chi nook S. 0. 0000 0. 0000 0. 0000 0.0130 0. 0000 0. 0037
Sockeye S. 0. 0000 0. 0000 0. 0000 0.0114 0. 0000 0. 0032
MONTH McNARY FOREBAY
SEPTEMBER
N. Squawf i sh 0. 8889
C. Catfish 0. 8205
Chi sel nout h 0.2222
Am Shad 0.2222
Cat ost om ds 0. 1538




Tabl e C 10. Total catch and effort

gillnets in the John Dpay resevoir,
(CPUE = northern squawfish per gillnet hour)

by species and l|ocation for surface
May-September 1989.
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Speci es McNary Irrigon Paterson Arlington John Day MNary
tailrace forebay

Cat ost om ds 2 0 "1 6 0 0
Nort hern squawfi sh 0 0 0 8 1 0
Anerican shad 0 0 0 7 0 0
Chi sel nmout h 2 0 0 0 0 0
Channel catfish 0 0 0 1 0 0
TOTAL
Gillnet hours 13.58 0.33 6 26. 84 6. 08 7.67
Gillnets Set 6 5 3 1 3 3
Nort hern Squawfish CPUE 0 0 0 0.3 0. 16 0
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Baited Pots, Lake Trap, and Beach Seining

In a total of 37 pot nights, two small northern squawfish, three cottids, one small Steelhead,
and thirty-one crayfish were captured. Both northern squawfish were under 250 mm in length.
The crayfish were used as bait for the longline and the other fish were released into the
TESEIVOir.

The lake trap was set for a total of 48 hours. Eight northern squawfish were captured
with a mean of 365 mm in length (range = 325400 mm). Other species captured included:
23 suckers, 1 smallmouth bass, 1 walleye, and 2 carp. Many northern squawfish, suckers, and
chiselmouth were gilled in the lead and wings of the net but were not counted in the final
tally. A smaller mesh net would be advised in further study of this gear.

Eight beach seine hauls yielded 10 juvenile northern squawfish. Other juvenile fish caught
included: 471 American shad, 11 bass (both largemouth and smallmouth), and 12 yellow
perch. One adult carp and 6 adult suckers were also caught in the beach seine. All fish were
released back into the reservoir with the exception of the American shad which were used as
bait for the longline.

Handling Mortality of Incidental Species

There was considerable mortality in the gilinets. Five of nine steelhead were dead after
capture during the summer sampling season. After an overnight set in the McNary section
six walleye mortalities were removed from one net. Many channel catfish had to have pectoral
and dorsal fin spines removed in order to facilitate release from the gillnet. Also, many suckers
were disfigured upon removal from this gear. American shad tended to float after release
and most appeared to be moribund. Other mortalities occurred, especially in overnight sets,
however, precise records on mortality were not kept.

White sturgeon, channel catfish, yellow perch, and American shad were the only game
or food species caught by longline. All eight yellow perch caught by longline were dead at
capture; this species in every case swallowed the hook completely. Few channel catfish caught
by longline were moribund (heavy bleeding) on capture and one of 71 sturgeon was dead on
capture. Both species tended to be hooked in the outer mouth parts and could thus be released
in relatively unharmed condition (Table C-11).

Live holding experiments with these two species captured on the longline are summarized
in Table C-11. In the summer, two of 40 sturgeon and 3 of 22 catfish died on holding. All
mortalities occurred during the first day of capture and most of these were bleeding from
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Table C11. Results from liveholding observations with longline

capt ured Channel
November

catfish and Wite sturgeon from June-
1989 and hooking location of these two species

captured on longlines from Septenber-Novenber 1989.

SPECI ES
Channel catfish

Wi te sturgeon

HELD MORTALI TY DAYS HELD

——--------—_—-_-———_-———-——-—--—_--—-——-——_———-————_——_——-—-—-

% MORTALI TY
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Wi te sturgeon
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Lower II_ip

er |i
sze\gllomeg
Fow hooked
Lower nouth
Roof of nouth
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Total observed

R %

6 15.4
22 56. 4

! 17.9

3 1.7

0 0.0

1 2.6
39

185

12 66. 7
1 5.6
1 5.6
3 16.7
1 5.6
0 0.0
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removal of swallowed hooks. During the fall, ten white sturgeon were held without an
incidence of mortality and one of 16 channel catfish died while being held in the net pen. This
catfish had swallowed the hook and died within 4 hours of capture. Due to the low incidence
of mortality it is not clear if water temperature had an affect on the mortality rates or not.
Obviously the primary variable in dete rmining survival rate of released fish from the longline
was hooking location.

A summary of hooking locations for these species during the fall sampling period is also
included in Table C-11. Both white sturgeon and channel catfish tended to be caught in the
outer mouthparts which allowed for ease in hook removal and minimal damage to the fish.
However, almost 18% of the catfish swallowed the hook. This is usually damaging to the fish
and we found that the survival rates of these fish are much lower than fish hooked in other
locations. Only 5.6% of the sturgeon swallowed the hook.

Catch Comparisons Between Gear Types
Longline vs. Purse Seine

CPUE for longlines and purse seines fished on the same day, the same location, and same
relative time of day are compared in Table C-12. Purse seines were set directly before or
after fishing one or two longlines in a particular area to determine if one or the other gear
type had a higher catch rate. Since it takes roughly the same amount of effort (not including
fishing time) to set and pull either a 50 hook longline or a purse seine, catch per set was
compared in order to determine catch efficiency relative to actual effort (catch per set). The
longline had a much higher catch rate using this comparison (Table C-12).

The most important observation within this data is the consistency of catching northern
squawfish with the longline. In ten out of eleven locations, the longline was able to catch at
least one squawfish, whereas, in only three out of eleven instances the purse seine was
successful in capturing a squawfish. It should also be noted that when the longline was
successful and the purse seine was not, 15 out of the 22 squawfish captured on the longline
were taken above 30 feet in depth, which is the fishing depth of the purse seine. This might
indicate some gear avoidance from the purse seine by the squawfish.
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Table C-12.

Dat e
1) 7/26/89
2) 8/26/89
3) 9/6/89
4)  9/12/89
5) 9/15/8S
6) 9/27/89
7) 9/27/89
8) 9/28/89
9) 9/28/89

10) 9/29/89

11) 9/29/89

Catch conparison for longlines and purse seines

fished on the sane date and in the same |ocation on

SQF
catch

the Colunbia river, 1989.
LONGLINE PURSE SEINE
Area and Nunber  Set SQF Nunber  Set
Descri ption of Sets hours*catch  of Sets hours
McNary spillway 1 3.00, 18 1 0.50
-no current
McNary spil |l way 1 4.13 4 1 0.50
-no current
McNary spillway 2 4,65 1 1 0.50
-no current
[ rrigon channel 2 9.45 4 3 1.42
-of T hatchery
-sonme current
McNary spil | way 2 7 .04 5 3 0.75
-no current
McNary forebay 1 3.60 3 1 0.25
-of f McNary park
-sonme current
McNary forebay 1 2. 24 0 3 0. 67
-of f WA shore
-sonme current
McNary forebay 2 4.88 1 2 0.42
-of f McNary park
-sone current
McNary forebay 2 5.12 3 2 0.34
-off WA shore
-Sonme current
McNary forebay 1 1.44 1 1 0.17
-of f McNary park
-sone current
I\/bNarY forebay 1 3.52 5 3 0.51
-at lock entrance
-no current
16 15 5
3. 455 0. 379

Mean catch per set

*Assum ng a 50 hook longline set.
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Longline vs. Bottom Gillnets

Comparisons between longlines and bottom gillnets are more easily developed. Longlines
and bottom gillnets were often fished side by side during the summer and fall sampling seasons.
After searching through all of the data, 47 instances were found in which both longline and
gillnet sets were made in the same location on the same day and over approximately the same
time period of the day (Table C-13). No overnight sets were included and only sets made at
similar depths were compared. In these 47 circumstances, quite often two or three gillnets
were fished beside one longline of approximately S0 hooks and less often two longlines of
approximately 50 books were fished beside one bottom gillnet. Of the 47 circumstances, there
were only 8 during which no northern squawfish were caught in either gear type.

Therefore, there were 39 instances where longlines and bottom gillnets were fished
together and one or the other gear type was successful in capturing at least one northern
squawfish. Of these 39 instances, which included a total of 74 bottom gilinet sets and 46
longline sets, a total of 49 northern squawfish were taken in the gillnets and 163 northern
squawfish were taken on the longlines. In 18 of 39 of these instances, the longline caught one
or more northern squawfish while the bottom gillnets caught none. And on only 3 occasions
did the bottom gillnets catch one or more squawfish while the longlines fishing the same area
caught no northern squawfish.

Mean CPUE (catch per set) was calculated by summing the mean catch per set of each
of the 47 observations for both the longline and gillnet and dividing by 47. The longlines
averaged a catch per set of about 4 times higher than the bottom gillnets for these 47
observations, where these two gear types were fished simultaneously (Table C-13).

A diurnal distribution of catch per hour was calculated for all gillnets, both surface and
bottom, and all longlines, assuming S0 hook sets, by averaging CPUE over the hours in a day
that each piece of gear was fished (Figure C-8). Only sets under six hours were included in
this analysis. This figure shows that the best catch rates for both gear types occur near dawn
and dusk and there is a definite lull in catch rates in the early afternoon for longlines and later
in the afternoon for gillnets. It is noteworthy that hourly fluctuations in catch rates paralleled
one another for both gear types during a typical day.
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Table C13. Catch conparisons for longlines and bottom gillnets
fished sinultaneously during the same date, tine, depth,
and specified location within a transect on the Col unbia
river, 1989. (SQF = Northern squawfish)

LONGLINE BOTTOM GILLNET
Dat e Transect Nunber  Set SQF Nunber. Set SQF
of Sets hours*catch of Sets hours catch
1) 5/22/89 McNary tailrace 1 3.8 5 1 2.5 2
2) 5/22/89 McNary tailrace 1 3.3 1 1 1.8 0
3 5/25/89 McNary tailrace 1 4.0 0 1 2.0 0
4 6/01/89 Paterson 1 2.5 6 1 2.0 0
5)  6/01/89 lrrigon 1 5.0 2 1 2.3 0
6) 6/02/89 Paterson 1 1.5 1 1 1.5 0
7) 6/02/89 Paterson 1 3.0 1 1 2.0 0
g) 6/02/89 Irrigon 1 4.5 0 1 2.0 0
9) 6/07/89 Arlington 1 2.0 0 1 2.0 0

10) 6/07/89 Arlington 1 3.5 1 1 2.0 0

11) 6/08/89 Arlington 1 3.1 2 2 4.0 1

12) 6/14/89 John Day 1 4.5 0 1 3.0 2

13) 6/14/89 John Day 1 4.8 0 1 2.0 1

14) 6/15/89 John Day 1 4.4 0 1 1.9 0

15) 6/15/89 John Day 1 4.0 0 1 2.3 0

16) 6/15/89 John Day 1 2.2 2 1 2.0 0

17) 6/19/89 McNary tailrace 1 1.8 1 1 2.0 1

18) 6/21/89 McNary tailrace 2 10.9 13 2 4.8 2

19) 6/27/89 Paterson 1 1.0 3 1 .1 0

20) 6/27/89 Paterson 1 2.3 2 1 2.0 0

21) 6/28/89 lrrigon 1 1.8 1 1 2.0 0

22) 7/05/89 Arlington 1 4.3 4 2 4.0 0

23 7/05/89 Arlington 2 5.5 14 2 4.2 0

23 7/06/89 Arlington 1 5.5 3 4 8.3 2

25) 7/06/89 Arlington 1 5.5 5 2 4.2 5

26) 7/07/89 Arlington 1 4.5 4 2 4.0 1

27)  7/13/89 John Day 1 3.3 0 1 2.0 0

28) 7/14/8% John Day 1 6.0 1 4 8.4 !

29) 7/17/89 McNary tailrace 2 8.0 17 4 8.0 1

30) 7/25/89 Irrigon 1 3.0 2 2 4.0 1

31; 7/26/89 McNary tailrace 1 3.0 18 1 3.0 1

32) 7/28/89 Irrigon 1 3.5 2 4 8.0 7 0

33 7/28/89 Irrigon 1 4.2 0 4 8.0 0

34) 8/01/89 Arlington 1 3.3 1 4 8.1 2

35 8/02/89 McNary tailrace 1 4.8 5 4 8.0 0

36 8/02/89 McNary tailrace 1 2.3 ! 3 6.0 5

37 8/07/89 John Day 2 6.3 1 4 8.1 2

38) 8/07/8% John Day 1 3.3 3 3 6.0 1

39) 8/08/89 John Day 1 3.5 4 4 8.0 0

40) 8/25/89 McNary tailrace 1 4.1 4 1 2.3 1

- - T D S SR R W e S W W D G S S G G e S R S S S G SR S S S G A WP S R G G S GRS e WS S S G e RS G S S e e A e e
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Tabl e C 13 conti nued.

LONGLINE BOTTOM GILLNET
Dat e Transect Nunmber  Set SQF Nunber  Set SQF

of Sets hours*catch of Sets hours catch
41) 9/06/89 McNary tailrace 2 4.6 1 1 2.3 0
42) 9/15/89 McNary tailrace 2 7.0 5 1 2.3 0
43 9,/28/89 McNary forebay 1 2.4 0 1 2.3 4
4%; $/29/89 McNary forebay 1 3.5 5 1 3.3 0
45) 10/02/89 McNary tailrace 1 1.9 0 1 2.0 0
46; 10/04/89 McNary tailrace 2 5.8 6 1 2.0 1
47) 10/05/89 I\/t:l\lary tailrace 2 7.7 10 1 2.0 6
Tot al 55 190.2 163 85 176.5 49
Mean catch per set 2. 755 0. 627

*Assum ng 50 hook longline set.
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Figure C-8. Mean catch per hour by time of day for all gillnets and longlines set in the
John Day reservoir, 1989. (Sets over 6 hours have been omitted.) Gillnet
CPUE = catch per net hour, Longline CPUE = catch per 50 hook longline
per hour.
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Length Frequency Comparisons Between Gear Types

Length frequency histograms are provided in Figure C-9 for the fishing effort for this
project. The longline caught a wider range of size classes, and both longlines and gillnets
tended to target predacious sized (>250 mm) northern squawfish. The mean size was 348
mm for the gillnets and 374 mm for longlines. The mean was 365 mm for the lake trap fished
in the McNary tailrace area.

Beamesderfer and Rieman (1988) also showed that gilinetting, trapnetting,
electrofishing, and angling tend to target predacious size northern squawfish (Figure C-10).
However, Dell et al. (1975) showed that Merwin traps, Pennsylvania traps, and beach seining
tend to target squawfish under 250 mm (Figure C-11).
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Figure C-10.  Length frequency distributions of northern squawfish collected in John Day
reservoir by four gears from April through June, 1983-86 (Beamesderfer and
Rieman, 1988).
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Figure C-11.  Length frequency of squawfish with and without gas bubble disease
symptoms caught using Merwin traps, Pennsylvania traps, and beach seining
in mid-Columbia reservoirs, 1974 (Dell et al., 1975).
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DISCUSSION

Based on the results of data collected during the summer and fall of 1989; longlining has
the greatest potential as a commercial fishing technique for northern squawfish of all gears
tested. The baited longline had a low incidental catch rate, low mortality rate of incidentally
caught species, and a high catch rate for northern squawfish. It is also highly adaptable to
boats already in use on the reservoirs in this area and-can be fished with one or two man crews.
Hand operated equipment is very efficient and initial investment in the gear can be minimal.
Also, fishermen with Jittle expertise in using the longline as a capture method should achieve
relatively high catch rates of northern squawfish.

Smolts work well as bait but availability for broad use may be impractical or illegal.
American shad may work well, but they must be collected in the fall and stored over winter.
It is not known how well frozen shad will perform in the spring and early summer as a bait
source. Crayfish seem to work quite well, but baiting and debaiting is very difficult and time
consuming,.

Hook type used on the longline is also very important. The smaller wire hooks did the
least damage to the fish and were easiest to bait and debait. The Kahle horizontal hook
seemed to have a higher catch rate than any other hook types.

Longlines need to be fished at all depths because northern squawfish tend to be located
throughout the water column, or at least catch rates indicated that they are feeding at all
depths. Fishing surface to bottom also allows the fisherman to easily mark the longline with
a float on the surface so that recreational anglers can identify the location of the submerged
line. It is also indicated that fishing should be done during the morning and evening hours
since catch rates tend to fall during midday.

We encountered sport fishery gear entanglement often enough that this could be a
problem with an intensive fishery. Consideration should be given to times and areas of fishing,
length of groundline per set, flotation methods, and marking methods in design of regulations.

Gillnetting presents many of the problems initially anticipated. However, the high
incidence of undesirable fish (suckers, American shad, carp, etc...) could be an asset if a
multi-species removal fishery were to be implemented. Additionally, we found that
bottom-fished gillnets require a good deal of mending, Sticks, rocks, and incidental species
produce damage to the web at a rate higher than antiéipated. Due to man-hours needed for
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repair, it may be less expensive to buy new gillnets as older nets degenerate, rather than mend
old ones. However, either alternative to the problem of gear damage may be relatively

expensive.

Purse seining has been disappointing in its yields, particularly since gear and equipment
costs were relatively high. Much of the reservoir area where northern squawfish occur is less
than 30 ft deep, the minimum depth of our gear. A shallower seine could be built, yet northern
squawfish might then tend to swim beneath it. Multi-gear testing near McNary dam suggests
that northern squawfish may see and avoid the seine. On several occasions, longlines yielded
good CPUE on northern squawfish, and these fish were above the effective fishing depth of
the purse seine, yet subsequent purse seine catches were quite low over the same area.

Our purse seine catches averaged 5 fish per set at best, in the McNary spill basin. Previous
purse seining for squawfish by U.S. National Marine Fisheries Service was a good deal more
successful, particularly in Snake River reservoirs; catches up to several hundred squawfish
per set were made, although more usually success was of a lower order of magnitude (Table
C-14). NMFS used a larger seine (600 feet long) than ours (D. Miller, USNMES, personal
communication), and may have been fishing areas more suitable to successful purse seining.
We found from longlining, gillnetting, and other observations that squawfish seem to be most
abundant in water too shallow or too turbulent (or both) for purse seining.

Purse seining is normally an effective technique for migrating, schooling pelagic species.
Dense schools of northern squawfish are commonly observed at the dams (e.g., McNary turbine
outlets). Physical and safety conditions may rule out purse seining in a commercial mode
near the dams; however, control of hydropower water output could be coordinated with test
purse seining activities in order to allow for fishing in areas where current is normally too
strong or turbulent. The latter such circumstance should be fully considered to take maximal
advantage of purse seining as a control technique.

Other than one two day test with a lake trap, we did not attempt to evaluate fixed trap
gear in our field studies because so much work has been previously done with such gear.
Furthermore, large traps seemed relatively unadaptable to small boats of the kind presently
used for commercial fishing purposes in the Columbia river.

Two types of traps have been extensively tested on the Columbia river; Merwin traps and
lake traps. The Merwin trap (see Lemier and Mathews, 1962 for a detailed description) is
quite a large device, requiring pontoons, heavy ropes and anchors, as well as specialized boats
and vehicles for movement and placement. Gearing up with boats and vehicles to fish such
equipment would be quite expensive and each trap, including lines, ponioons, and anchors,
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is at least a $10,000 expense at present. Two men are needed to fish such traps and maintenance
(web cleaning and mending) and observation requirements (to prevent pilfering of fish and/or
vandalism) would be beavy.

However, Merwin traps have been found to be very effective for capturing northern
squawfish at certain locations in the Columbia river reservoirs. Table C-15 summarizes
Merwin trap catch data from previous studies. Shown here are average catches per trap day,
by month. In many locations Merwin traps were not very effective, but in the cul-de-sac below
The Dalles dam and the Palouse arm of Lower Monumental reservoir catch rates of several
hundred northern squawfish per day were achieved. Highest catch rates were in June and
July. It has previously been speculated that the high catch rates during these months are
associated with migrational behavior accompanying spawning.

The use of Merwin traps or other large trapping devices, custom built for specific sites
near dams, should be considered in an overall squawfish removal program. However, Merwin
trapping is not readily adaptable for wide scale commercial use throughout the Columbia
river. Such gear should probably be operated by state or federal agencies or perhaps on
contract to such agencies with stringent operational requirements. This recommendation is
due to at least two considerations. First, the best fishing opportunities are likely to be in
restricted waters near hydroelectric dams, where safety considerations are paramount.
Secondly, Merwin traps are quite effective on migrating adult salmonids. The traps must be
emptied often and with care to avoid injury, mortality, and/or extensive migrational delays
to these species.

Hook-and-line fishing, under various scenarios including longlining from small boats,
sport bounties, and single or multiple hook angling from dams may be more cost effective
than capturing squawfish with Merwin traps or similar devices. However, this question should
be carefully considered after the various hook-and-line scenarios have been field tested for
removal efficiency.

Smaller traps which can be operated from conventional Columbia river commercial
fishing boats do not appear to be an effective alternative. Five years of extensive effort with
lake traps (these devices are previously described in this report) indicated that the best success
one might get with such gear in the John Day reservoir is about 4 northern squawfish per trap
day (Table C-16). This is less than the expected catch by a 50 hook longline set, according to
our tests. A lake trap with its associated anchors, lines, etc. is a far more costly piece of gear
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Table C- 16. Catch-per-unit-effort in experimental lake trap fishing in Columbia Ri ver
reservoirs. Effort units are trap-days.

Location Year Period Fished Trap Days | CPUE Data Source?!
McNary tailrace 82 7/17-12/31 16.1 14 a
John Day pool 82 5/24-7/16 15.7 18 a
John Day tailrace 82 7/17-12/31 225 0.8 a
John Day forebay 83 7/17-9/24 10.0 34 b
John Day tailrace 83 4/24-9/24 124.6 19 b
John Day, Irrigon 83 7/17-9/24 49.9 17 b
McNary tailrace 83 4/24-9/24 154.0 24 b
John Day forebay 84 4/8-10/1 102.6 2.6 c
John Day, Arlington 84 4/8-10/1 88.8 31 c
John Day, Irrigon 84 4/8-10/1 100.0 14 c
McNaryd tailrace 84 3/25-10/1 94.3 1.9 c
John Day forebay 85 3/24-9/2 64.1 1.9 d
John Day, Arlington 85 4/7-9/2 1139 0.7 d
John Day, Irrigon 85 4/7-9/2 104.8 17 d
McNary tailrace 85 4/7-9/2 87.5 1.0 d
John Day forebay 86 4/6-9/ 1 54.2 24 e
John Day, Arlington 86 4/6-9/ 1 84.0 14 e
John Day, Irrigon 86 3/23-9/1 90.3 0.7 e
McNary tailrace 86 3/23-9/1 68.0 0.7 c
McNary tailrace 89 11/1-11/3 2.0 4.0 f

1 Data Source:
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than a 50 hook longline and its related gear. Also, the ratio of incidental catch to squawfish
catch would be higher in lake traps than on longlines. Even considering bait costs in a
comparison, the lake trap is not a practical small boat technique compared with longlining.

During the early phases of our investigation, one of our contacts (M. Dell, Grant County
P.UD., personal communication) suggested that beach seining had been an effective
technique for capturing northern squawfish in mid-Columbia reservoirs. We reviewed these
investigations, but found that most of the fish caught by beach seining were less than the
predacious size of 250 mm (Dell et al., 1975). Because of this and the recommendation against
the likelihood of success in the John Day reservoir by J. Elliot (ODFW, personal
communication) who had previously tested such gear in the John Day reservoir, we did not
consider beach seining for testing other than for longline bait collection.
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FINAL REPORT

COLUMBI A Rl VER ECOSYSTEM MODEL (CREM) - - -
MODELI NG approacH FOR EVALUATI ON or CONTROL OF
NORTHERN sgouawrIsH PCOPULATI ONS USI NG FI SHERI ES EXPLQO TATI ON

Services Contract to BPA Project No. 82-012:
Interstate Cooperative Agreenent 86-012

Introduction

The Colunbia R ver Ecosystem Mdel (CREM is a differential
‘equation nodel and an associated computer sinulation program The
CREM Sinulates predator-prey interactions which occur as juvenile
salmonid fishes mgrate downstream through inpoundments of the
Col umbia River. The nodel and sinmulator are intended to project
the nortality of juvenile salnonids due to the conplex
interactions occurring during the downstream mgration. A summary
of the creM is contained in appendix B of Fickeisen et al. 1989.

This report is to document acconplishment of the oij ectives
and tasks required in the above referenced contract, as follows:

1) docunentation of the Colunbia River Ecosystem Mdel
jective 2)

(2) docurmentation of past analyses of juvenile salmonid

mortality which were performed with the aid of creM
(Cbjectives 2 & 3);

(3) nodifications of creM intended to expand its analysis
capabilities (Cbjective 1); and

(4) analysis of predator fishery effects using the nodified

crREM, and docunentation of the nodel and analysis ((hjective
3).

The first two of these items is fulfilled by the manuscript
(draft for scientific publication) Bledsoe et al. (1990). This
manuscript contains a detailed description of the methods used in
the CREM Ver. 1, and the results of analyses of the effects of
residence time, reservoir tenperature, uncCertainty in the
functional response curve, mgration timng and intensity and
uncertainty in the residence time on nortality due to predation
in five species of juvenile salnonids. The nanhuscript i's appended
(Appendi X p-1) to this report.
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The nodifications of the CREM called for by item 3 concerned
expansion to provide for the follow ng considerations':

(1) effects of a predator fishery on juvenile nnrtalitX,
Ehgyugh reduction of the predator popul ation (Tasks 1.1,

42) effects of dynamcally variable predator population
I stribution throughout the reservoir (Task 1.2);

(3) error bounds or confidence'limts on predicted _
mortalities due to stochastic variation or uncertalnt¥ in
nmodel paraneter values and driving functions (Task 1.7);

(4) effects of population dynamcs and growth in response to
hn esaeg)food (energetics) of predator popul ations (Tasks

5) projection of nortality time series over nultiple years
Task 1.8); and

(6) a design to allow the CREM to project nortalities over a
system of connected reservoirs, rather than a single
reservoir (Task 1.9);

(7) provision for user friendly specification of input
paraneters and output graphics (Task 1.10).

These nodifications were apg&oached incremental ly by
devel opnent of Version 2 of the CREMin a series of sub-versions.
Item 4, the provision of population dynam cs and energetics, is a
much nore conplex enhancenent of creM, Ver. 1, than is itens 1 -
3. Further, there will be frequent analyses of reservoir
situations, both hypothetical and actual, for which the .
consideration of detailed ﬁopulatlon dynam cs and energetics wll
not significantly change the projected nortalities. This wll
occur nearly any time that anal yses over only one or a few
seasons are desirable, since the effects of population dynam cs
and energetics, except in extreme cases, will be in ternms of
gradual changes in the aqe structure and spatial distribution of
the predators. Consequently there are two advanced versions of
the creM which result fromthis contract. User friendly input and
graﬁhlc out put fltem 7) has been provided for both versions and
oth are amenable to nulti-reservoir applications under the
design devel oped for item 6.

Version 2.04 incorporates itens 1 - 3 and 5, above, and does
not consider a dynamc age structure or growh of predators; it
Is to be used for one to three year simulations of situations in

" Note that a task numbered 1.6 was onmitted fromthe contract.
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whi ch ﬁopulatlon dynamcs are not expected to play a role. Note
that the provision for multiple classes of predators in 2.04 does
allow for consideration of age structure or a range of predator
sizes, however these sizes are assuned not to be dynamc or
fluctuating over tinme. Version 2.04 also may be utilized in

mul ti-reservoir sinulations, using the design to be described

bel ow

Version 2.05 incorporates all five of the above items and
can be configured for multi-reservoir sinmulations under the
deS|Pn for item6. Since 2.05 requires a much larger and nore
conpl'ex set of paranmeter values, as well as five to ten times the
anount of conputer tine to execute, it is desirable to utilize it
only for scenarios in which its mechanisns wl!l inpact
norfalities. These are, basically, sinmulations for two years or
longer in which a selective fishery for predators wll |npact the
predator age structure, or changes in prey densities will nake a
simlar inpact through energetic mechanisns.

These two advanced versions of the CREM sinulator, 2.04 and
2.05, have been |n8Ienented in the Fortran progrann1an | anguage
for MS-DOS based PC conputers: they are designed for 'high Speed
386 type Pc's and require at least two My of hard disk storage.
The inplenentation has been basically tested but has not been
t horoughly exercised or utilized for analysis of the ecosystem
Followng is a detailed description of the mathematical nethods
used to 1ncorporate the five enhancenents of CREM Ver. 1

~ Appendices D-2 and p-3 contain the conplete conputer code,
listings of input paraneter files and sanple output files.

Col unbia R ver Ecosystem Mdel, Version 2.04

CREM was originally designed to allow expansion to include
such nmechanisns as fishery nortality due to dynamc (i.e.
quctuatln? in time) fishery effort” patterns and novenment of
segments of the predator population In response to assunptions
about behavior patterns. The state variable approach, in which
the dynamcs of intensive (i.e. neasured_in units of
concentration or density, numbers per unit area) variables are
described by an ordinary differential equation (DE), is easily
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expandabl e through 1) the addition of terms to the original DE
and 2) sub-division of the state variables into groups with an
apPropr|ate conservation condition. In the equations which

fol low, notational conventions follow those described in the
Met hods section of Bledsoe et al. (1990) and any variables not
defined here may be found in that document.

Code |istings, parameter files and exanple output from CREM,
Ver. 2.04 are contained in Appendix D2

Fisherv _nortalityv

A driving function, ef, for fishing effort by predator type
(wvhich may be a size class), together wth a paraneter, pg, for
gear catchability per population unit was incorporated in the
catch equation for predator population rate of change:

Dt[ Pn ] = - (pmt + pg ef) Pn 1

where Pn is predator population density and pnt is the natural
nDrtaI|H¥ paraneter incorporated in previous CREM versions. This
Is a nodification of equation 6 of Bledsoe et al. (1990).
Subscripts have been omtted fromthis equation to sinplify the
presentation (this convention will be continued throughout this
report) ~ however p% IS subscripted singly for predator type and
ef is subscripted doubly for predator t¥pe and reservoir area.
Since ef is a driving function, It Is also time specific,
allowing for specification of a tine series of effort levels over
a season. In order to accomodate multiple gear types, pg nust be
calculated by an effort standardization procedure prior to
execution of CREM.

Predat or population distribution

_ Dynam ¢ novenent of Predators anong areas of the reservoir
Is provided by addition of a mgration mechanism in which an
expected relative distribution of the predator popul ation among
reservoir areas is specified as an input paraneter array, pbn,
subscrlf)t ed on predator type and reservoir area. Though not
presently dynamic in tinme,” the predator population relative
distribution can be nade so by sinple changes to the sinulator
which nake pPn a driving function rather than a paramneter
Mgration rates, ng, are an internediate system variable %ISV) of
the nodel calculated from ppn, the current “predator population
distribution array, Pn, and a rate of novenment |ISV. The rate of
moverment | SV, d3,  is calculated froma maximnum rate of novenent
par?n?ﬁer, png, and consideration of the distance between areas,
as follows:

d3 = png / (/Pai -+ JPaj) 2

where pa is the area in square nmeters of the reservoir |ocation
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i ndi cated by the subscript. Since the locations for inter- _
mgration are adjacent, the average distance to be travelled wll
be proportional to the sum of the square roots of the areas. The
actual mgration coefficient can be calculated by

mg = d3 sw[ Pn, O, pPn - Pn/tPn ) 3
where the function Swis defined as

sw[ x,y,z2 )] =Xx if z>0. 4
y if z <= 0.

and tPn is the total predator Bopu]ation in the entire reservoir.
Equation 3 is appropriately subscripted so that ng is specific to
predator type and two reservoir |ocatjons between which mgration
is taking place, i and j. This nechanism specifies that mgration
takes place into an area whenever the relative predator

popul ation of that area drops below the relative distribution
specified by pen. In order to balance this mgration and provide
for net conservation of nunbers of fish, the conservation
condition in equation 5 provides that the total mgration from an
area IS equal to the sumof the mgrations into other areas.

........... mg;; = - S[ mg;; ] 5

where i is not equal to % in the summation. A detailed
description of the use of this conservation condition in
%Hggﬁgentlal equation nodels may be found in Bledsoe and Van Dyne

Stochastic simlati : | |

A useful approach to provide for neasures of uncertainty in
the nDrIallty.PrOJectlons of the CREMis to perform nultiple
simulations Wth one or nore paraneters and/or driving functions
sel ected stochastically from a statistical distribution. This is
called stochastic sinulation (but is onl¥ one of several nethods
of conducting a stochastic sinulation). The distribution my be
due to nmeasurenment uncertainty, spatial or tenporal variation or
a possibly unknown conbination of these. These simulations will
result in nultiple nortality estimates from whose statistica
distribution can be inferred pqrrespondlngmﬁro erties of _
mortality for the static conditions under ich the sinulations
were performed. Interpretation of this interval, as opposed to
point, estinmate of nortality depends upon which paraneters and
driving functions were included in the stochastic simlation, and
the origin of the distribution functions utilized. If, for
exanple, only one paraneter was varied across the multiple
simulations then the variability in nortality estimates which
results will represent only one conponent of total uncertainty.
If little or no variation in nortality results then nortality is
insensitive to that paraneter. Stochastic sinulation can be used
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as a type of sensitivity analysis in this way.

The above description of stochastic sinulation would apply
to the case in which variability in nortality between
si nul ati ons, nornalty applicable to a single year or range of
years, is to be studied. A second case involves the situation in
which variablity within a year is to be studied. For exanple, we
nlght want to study the effect of variability in flow reginme
between years, but the effect of variation in the predator
functional response curve within % SQP%|€ season vould grobgbly
be more relevant. Consequently, the discussion below deScribes
met hods for both types of stochastic sinul ation.

The means to perform stochastic simulation does not involve
a change to the' nodel, which is the set of differential and
al gebrai c equations chosen .to describe the predation and
mgration processes, but sinply to the conmputer program or
sinmulator, which nunerically solves the equations and cal cul ates
mortalities as the |ogical consequences of the nodel. The
necessary changes for cREM were incorporated by the addition of
paraneters for characteristics of the statistical distribution of
model parameters.

For study of between tine period variability, an indexing
paraneter, nrpt, and an outer |oop was added to the sinmulator tO
control the nunber of repeated sinulations to be perforned. Wen
ant is set to a value greater than one an input routine is
cal l ed which reads a new paraneter value. These values are
generated in a file off line fromthe sinulator in order that any
paraneter may be studied according to any distribution function
and statistical parameter set.

For study of within tinme period variability, additiona
parameter values for the statistical parameters of the
distribution to be used have been added to the input routine. For

exampl e, the paraneter arra% psf describes the characteristics of
sanpled variability about the predator functional response curve;

if psf(2) is zero, "then a determnistic simulation results. If
psf(2) is greater than zero, it is interpreted as the standard
deviation of the functional response curve in the linear and
asynptotic region. Provision for gaussian stochasticity in this
region has been provided by addition of an appropriate pseudo-
random number generator (subroutine gauss). In the constant or
| ow prey density region of the curve, an enpirical distribuion
function (subroutine enp) has been provided; its chracteristics
are given by paraneters psf(4) through psf(13).

An exanpl e of use of the stochastic sinmulation capability is
contained in Appendix bI.
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I : | fishi 1 mul at

The creM sinmulator was configured to checkout and
denonstrate the abqve descrlbed necpanjsns | two area
reservoir system Catchability coefficients Fpé% wer e- cal cul at ed
to produce an average of twenty fish caught per hour of effort.
This artificially high value was chosen So that the fishery
effect would be clearly visible graphically. Effort |evel varying
between zero and 100 hours/day in Area 2 only was inplenented.
Figure 1 shows the effect of the simulation of fishing effort
with associated mgration of predators toward a constant
distribution across the two areas.

The fishing effort driving function starts at 100 hours/day
for 10 days, followed by no (zéro) effort for 10 days, and then
by 50 hours/day for 10 days. During the first 10 daKs, t he
popul ation dropped by approxinately 20,000 fish, then stabilised
approxi mately constant and finally” dropped another 10,000 fish
during the final 10 days of the simulation. At the sane tine the
reduction in %opulatlon of Area 2 induced a mgration of fish
from Area 1. This can be seen in Flgure 1 as ah exponentia
decrease in the Area 1 popul ation. Because the popul ation of Area
1is small relative to Area 2, there is not a graphically
noticeable increase in the Area 2 population during the time of
zero effort, but printed output fromthe sinulator revealed an
increase of about 300 fish. The decay. of 8Ppuhat|%n in Are? 1did
not change over the simulation, In spite the changing effort,
because the nmigration rate (pmy = .05 |/da n) was constant, based
on estinmates of average movenent of squawfish.

Col umbia River Ecosystem Mdel, Version 2.05

Conmpensatory response of predators to changes in their
popul ation size, structure or spatial distribution by managenent
actions is assumed to be caused by density or energy status
dependent behavi oral and/or Rhy5|olog|cal effects wthin the
popul ation. The study of such Tresponses requires a mechanistic
model which relates population structure (over long time periods
within the life span of the animal) to its energy status. nam c
energetics nodel s have been devel oped for fish Ropulatlons y
Kitchell and others. Bledsoe and Megrey (1989) have extended
these to a population context in which the aninals enerﬁy status
may be related to population nortality and fecundity. That paper
describes conpletely the mathenatical methods which™ have been
incorporated into CREM, Ver. 2.05.
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Population or Effort

Figure 1. Sguawfish population. dynamcs resulting froma two area
test sinulation incorporating a predator mgration mechani sm
and variable fishing effort (cREM Ver. 2.04).
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Modifications to the nodel fell into two classes: addition
of predator energetics and predator multi-year popul aton
dynani cs. The energetics equation describes the rate of change of
wei ght of a predator as a I%um o; assimlated food mnals met abol i ¢
and reproductive |osses. The differential equation added to
subroutine der of the sinulator is

Dt[ Pw ] = pae S[rc] - pWM qgw Pw? - Dt[Eg] 6

where Pw is predator wei %ht by type and resevoir area, pae is
assimlation efficiency, TCc is the rate of consunption of food,
pw and pw2 are respiration rate paraneters, qw is an ISV _
describing respiration rate dependence on tenperature and Eg is
the egg density. Dt[Eg) gives the tine rate of egg production and
Is calculated as the difference between assimlated energy plus

respiration and the Von Bertanffy growh rate (see Bl edsoe and
Megrey 1989).

An assunption of the nodel is that the predators wll grow
according to parameters of a Von Ber al.anffa/ ggoW&h curve
provi ded they have sufficient food. Assimlated energy in excess
of that required for growth is assuned to %o into reproduction.
The onla/ variable food source assunmed in the nodel is juvenile
sal noni ds, although this is easily nodified. The dynamcs of the
model will reflect increasing fecundlt% and, consequentl)(], | ong
term popul ation growth to the extent that the predators have an
abundant food resource in juvenile salnonids. Conversely, denying
them this resource will result in population contraction.

_ Mul ti-year P.opul ation dynamcs is relatively sinple,

I nvol ving accounting for %raduatlon of age classes at the end of
a season and conversion of the survivi ng fraction of reproductive
products (eggs) to age 1 aninals. BecauSe the sguawfish predators
are relatively Ion?-_llved (nore than 15 years) and because only
the older, larger Tish are responsible for predation, the

sinul ator does not calculate energetics for the younger age

cl asses. (Energetics calculations tor the non-predator ages would
require specification of a food resource, which has not Dbeen
researched.) The simulator does keep track of their nunbers from
year to year with annual survival rates assuned constant
Igparan”e_ter pnw) and over-w nter weight |oss (paraneter pww).

OBUI ation dynam cs accounting has been incorporated in

ubroutine grad.

Appendix D-3 cOntai ns the grogram listing, input data and
exanmpl e output from Ver. 2.05.
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Ccomplex_area similation with age structure and bioeneraetics

A conplex area structure for John Day resenroir was
configured for sinulation of sguawfish predation. The objective
of the simulation was to provide a tool for investigation of
relative nortality rates in different resenroir areas, in
response to varying predator population densities and juvenile
sal mon migration routes. Data for configuration of the nulti-area
sinmulator is expected to begin to be available from fishery _
research beginning during the 1990 field season. The simulator is
specifically capabl e of considering-the spatial distribution of
sguawfish fi'sheries ﬂl anned during 1990. The five areas
consi dered were as shown in Table 1.

Table 1. Area structure for nulti-area sinulation of fishery and
Fredatlon rocesses in John Day reservoir. The colums
abel ed "Probability of migration" give the connectivity of
the areas and the assumed probability that a snolt departing
one area will enter an adjacent area.

No.  Description Area (ha) Prcibzabilit)é of m'z([qratign
1 Tailrace 4.6 -- .4 .5 .1 . 0
2 Reservoir 1660. .0 - - 2 .2 .6
3 Channel 210. .0 .2 - - .2 .6
4 Near shor e 210. .0 .2 .2 - - .6
) Forebay 23. .0 .0 .0 .0 .O

The nunmbers in the colums |abeled "Probability of
?ratllon". are called an ad£acency matrix (see the sinulator data
e listing in Appendix D ).” They describe in mathenatical
rns the connectivity of the sub-areas into which the reservoir
divided. The first” row of numbers indicates that juveniles may
mgrate fromArea 1 into either of Areas 2, 3 or 4, but not Area
6. The values give the relative proportions of the downstream
mgrants which nove into the respective areas. The second row
simlarly describes the proportion nmoving out of the main
Reservoii (Area 2) into the Channel, Nearshore area or Forebay.

The adjacency matrix approach allows configuration of any desired

m.
fi
te
I'S
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connectivity for sinulation of conplex sub-area structures in a
reservoir. Though this exanple shows a single adjacency matrix

common to all salmonid species, the matrix “may be made” specific
%o t he hspeC| es so that different mgration routes may be assumed
or each.

Based on the above areas structure, a sinulation was
performed for 1985 conditions in John Day reservoir. CREM Ver
2.04 was used for the sinulation since effects of age structure
were not a part of the objectives. Table 2 contains the
mortalities predicted by ‘salmonid type and area, taken fr?ﬁ1the
final page of the output listing (Appendix D=2 _ ). Ihese
are ﬁenerally comparble With the nortalities contained in Table 1
of the document describing a two area sinulation in Appendix 1.
Detailed specifications for the simulation can be found in the
out put 1isting i N Appendix D-2. The listing also contains further
output information such as the tine series of 1o-da¥ consunﬁ%lon
rates per predator (output block labelled "Per capita consunption
by area) and total passage nunbers (row labelled "TotPsg").

Table 2. Sinulated nortality as fraction and number consuned
(parent heses, x10%) for” five salmonid types In the five
areas described in Table 1.

Salmonid type

Reservoir Chin 0 Chin 1 Steel hd  Coho Sockeye
_Area
Tailrace 0.019 0.002 0. 002 0.003 0. 002
(0.219) (0.019) (0.004) (0.000) (0.004)
Reservoi r 0.263 0.022 0. 029 0. 043 0.028
(3.003) (0.118) (0.044) (0.005) (0.052)
Channel 0.158 0, 042 0. 055 0. 085 0. 055
(1.804) (0.231) (0.086) (0.011) (0.104)
Near shore 0.141 0. 051 0. 064 0.095 0. 063
(1.609) (0.275) (0.098) (0.012) (0.119)
Forebay 0.015 0. 006 0. 009 0.018 0. 009
(0.173) (0.035) (0.013) (0.002) (0.016)
Tot al 0.597 0.123 0. 159 0.243 0. 157




Sinulator structure, Ver, 2,05

A detailed description of parameter values and their units
of measurenent is included with the input parameter file (file
rcrem.dat’, Appendix D-3). This allows easy reference to parameter
definitions when changes are made with a data editing Program

The paraneter file in many cases defines only the first value in
a parameter array; the sinulator detects thiS and assunes that
other values which nust be defined in the array will have the
sane value. Alternatively, the Faraneper file may define all
values in the array independently by including the appropriate
subscript values 1n the colums 1labelled 'ist', '2nd' and '3rd’'.
The first subscript refers to area, the second to species (either
salmonid species or predator age group, as appropriate). The
third colum refers to an arbitrary nunbering used for sone
paraneter arrays, such as the break points in the enpirica
distribution function describing stochastic variation in the
functional response curve. _ _ _ _

Parameters of a specific simulation are given by the file
'simpar.dat ' (Appendix D-3). These values are echoed to the out put
file and identitied there.

A set of standard output froma sinulation is contained in
Appendi x D-3. After echoing nodel and simulation paraneters the
output file contains a series of blocks of nodel output values in
whi ch each block corresponds to a specific sinmulated tine, one
daY In the.exanple of Appendix D-3. Each bl ock consists of the
following identified sections:

Time and driving function val ues

Prey species density by area and total passage to date

Predat or species density by age and area

Total consunption of prey by species, area and predator
speci es

Fractional nortality to date by prey species and area, wth
total reservoir nortality (identified by letter 'T*)

Per capita consunption of prey for this time period by
predator age group and reservoir area

Adult predator lengths (mm) by predator age group and area
Nunber of eggs produced to date

Nunmber of juvenile predators in each age group

Lengths of juvenile predators by age group




At the end of a sinulated year the nunber of juvenile age
groups is reported after determnation of whether sufficient
growth has occurred to pronote one or nore |nFo t he adul t
predator class. A nodel paraneter, plt, specifies the size break
In mmfor this to occur. Finally, the areal distribution of
predator numbers is reported. FOr a multi-year sinmufation, this
sequence is repeated wth initial conditions derived from
conditions at the end of the previous year. Paraneters such as
nw , over-winter survival factor, and pww, over-w nter weight
oss factor, are applied to the previous years output.
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Appendi x D-|

Simulation estimates of salmonid predation |o0ss
to northern squawfish in a Colunbia R ver reservoir

L.J. Bl edsoe, Steven Vigg and James H Petersen
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[ ntroduction

Recent studies of three major fish predators in a mainstem

Col unbi a R ver reservoir denonstrated the inportance of predation
upon outmgrating juvenile salnmonids (Poe & Rieman, ed. 1988).
Esti mated abundance of the predator species was: northern
sqguawfish, 85000; walleye, 15000; small|mouth bass, 35,000
(Beanesderfer et al. 1988). About 3 mllion juvenile salmon were
l'ost to predation per year, accounting for about 14% of the
annual outmgration of {uven{le sal noni ds. ~ Chinook sal mon
sub-yearlings suffered the highest nortality: steelhead, chinook
Kgar ing, sockeye and coho salnon |osses were relatively small

rthern sguawfi sh were responsible for about 80% of the tota
predation [oss (Rieman et al. 1988).

Two nodel's, which include predation conponents, of the

Col unbia River system have been developed and are in current use
R% agenci es and researchers in the area. Ihe System Planning

del” (SPM of the Northwest Power Planning Council sinulates the
conplete life cycle of salnon stocks as trlbutaryhgroductl n, .
mainstem passage and adult survival and return. ~MSt enpanhasis
Is placed upon the freshwater phase of the life history.
Predation is not nodeled explicitly in the SPM but mght be
I nvestigat ed |nd|rectlaé by adjusting parameters used to conpute
reservolr survival. servoir survival is modeled as a function
of flow and reservoir length, thus assumng that smolt nortality
Is a function of residence tine.

Stochastic FI SHPASS, devel oped by Jim Anderson at the
University of Washington, is a nodel ‘that sinmulates juvenile
salmonid Jaassage through Colunbia River reservoirs. ~Passage Is
simul ated as probabilities of movenent and nortality of
individual fish through the system Fish travel time, dam
mortality and reservoir nortality are the principal sub-nodel
processes considered. Fish travel time is a function of flow
vel ocity, behavior and a random conponent. Dam nortality depends
upon flow streamines at a dam fish behavior and vertical ,
distribution of fish in front of the dam Reservoir nortality is
model ed as a function of travel time, predator density and
predator activity.

A population dynamcs nodel for northern sguamﬁish devel oped
by R eman and Beanesderfer (1990) did not include predation
processes. This nodel focused on population growh potentia

using assumed spawner-recruit relations. A nodel including
Bredatlon proportional to predator population size was devel oped
y Beanesderfer et al. (1990). This nodel assumed that salmonid
residence tinme was inversely related to flow, a predation -
tenperature relationship peaking at 21.0 deg. C and was driven
by a snmoothed daily salmonid passage curve. Results indicated
overall nortalities simlar to those calculated by Rienman et al
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(1988), but nortalities by salmonid species were not studied.
Sensitivity analyses indicated that early season passage and
hi gher passage densities were favorable for increased salmonid
survival rates.

The Col unbia River Ecosystem Mdel (CREM was devel oped to

address specific questions about predation on Huvenlle sal noni ds
in Columbia River reservoirs. Intormation colfected by USFWS and
ODFW Since 1982 ﬂpoe & Rieman, 1988) indicated that sone species
of predators, notably northern squawfish (Ptychocheilus
oregonensis), were particularly inportant to snplt nortality
wi thin John Day Reservoir. Predation was also found to vary
sPatlaIIy within the reservoir with the greatest consunption rate
of juvenile salnonids occuring near the dams. The consunption
rate upon smolts just bel ow McNary Dam was asynptotically related
to smolt density (Vigg 1988), with tenperature, spawning
condition of predators and reservoir flow also affecting the
rate. CcREM was developed to take into consideration _
Intra-reservoir spatial and tenporal variation in predation
intensity, species-specific predator-prey interactions,
non-linear feeding dynamcs, and other within-reservoir
conponents of predation that have not been included in other
nodeling efforts. The design of CREM allows expansion to a
mul ti-reservoir nodel, with appropriate estimtion of reservoir
Paraneters and extension to a bio-energetic popul ation context

or study of long termeffects of predator control

oj ectives

1. Develop the Colunmbia River Ecosystem Mdel to .

mat hematically describe predatory processes on juvenile
sal nonids as revealed by research results; to inplement a
computer simulator for analysis of the nodel

2. Based on creM, paranetrized wth current research
results, test specific hypotheses on the sensitivity of
snolt nortality to mgjor driving and system variables:

2.1 Changinﬁ the nunbers of juvenile sal nonids
mgrating through the system does (does not) affect
salmonid nortality rates:

2.2 Changing the mean, or the distribution, of the
resi dence time of #uvenlle_salnnnlds in the reservoir
does (does not) aftect their nortality:

2.3 Changing predator densities in different reservoir
areas does (does not) affect juvenile salmonid
mortality;

2.4 Changing water tenperature does (does not) affect
juvenil e salmonid nortality.
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3. Study the predicted variability of juvenile salmonid
mortal ity rates under stochastic uncertainty in the
predatory functional response (Vigg 1988).

Met hods

From a strictly ecol ogical Eerspective, W thout recourse to
mat hematics, the Colunbia R ver Ecosystem Mddel can be described
as an abstraction of the processes of juvenile salmonid out-
mgration through a reservoir and their consunption by predator
species. The abstraction approxi nates novenent of salnonids as a
progression through a series of contiguous areas of the

[eservoir,. beglnnanIMAth an area adjacent to the upstream dam
Movenent into this first area is driven by a daily record of the
nunbers of each species passing over the dam according to
records and estimates nmade by various agencies (CGeorgi and Sins
1987). The nodel assumes that sal nonids spend an average amount

of time in an area and then pass to the next downstream area,
IeaV|n? at a rate inversely proportional to their density. This
sinul ates departure as the nean of a stochasti¢ Poisson process
(parzen 1962). For this study, the residence tinmes, which are the
rate paraneters for the Poisson departure process, are taken from
the estimates made by Sinms and Gssiander (1981). As an
alternative to a constant average residence time, the node

allows for residence time to be inversely proportional to water
flow rate. This alternative is chosen for the tailrace boat
restricted zone area in this study. The constant of

roPortlonallty IS chosen so that residence tine is the same as
hat for a neutrally buoyant particle.

During the tine the salnmonids are in an area their nunbers
are reduced by predation. The predation rate depends upon the
density of predator fish, the tenperature, whether or not the
predators are in spawning condition, and the density of salmonid
prey. Predator fish density is determned by initial values set
according to Bopulatlon studi es (Beamesderfer et al. 1988) and is
then reduced by a constant assumed instantaneous nortality rate,
generally very 'small or zero. This results in an approxinmately
constant predator density throughout a single year simulation
but different densities in different reservoir areas. Tenperature
changes the fredatlon rate according to the formulation of Vigg
and Burley (1991). Spawning condition of predators is determ ned
ey the rate of change of gonad size_of predators as neasured by
|%% (pers. comm.) and associates. The predation rate is reduced
10% of maxi num based on reduced stonmach contents observed by

Viigg.

Dependence upon prey density is determned by a
determnistic functional response relation as measured by Vigg
(1988). As an alternative, and because of data limtations in"the

study of Vigg, a stochastic functional response relation my be
used. This relation assunes a normal distribution about the

to
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determnistic relation for medium and high prey densities, and a
uniform distribution for |ow prey densitres. Variance for the two
distributions is based on the data shown by Vigg.

Though the simulation is nomnally determnistic, any
arameter or initial condition of the model may be stochasticized
y repeated sinulations with parameter choice from any of severa

standard statistical distributions (normal, uniform gamma etc.).
Results of the sinulation are time series of prey and predator
densities in each area, cunulative consumed nunbers of prey,

cumul ative prey passage into the reservoir, nortality rate to
date and the values of the driving functions (water flow,
temperature, gonad condition, prey passage nunbers per day); At
the end of the sinulation the nmortality rate, calculated as tota
nunbers of prey consunmed divided b¥ total nunber passing into the
reservoir, 1s the total nortality for the sinulated season.

The preceding description in non-nathematical Iangua e gives
a general idea of the ecological assunptions and methods for

CREM. To be nore precise it 1s necessary to have a detailed

mat hemati cal description which translates the ecol ogical

concepts.

Not ation and di nensi ons

In order to facilitat$

statement and communication of the
model we have adopted the foll

ol  owi ng notational conventions.

The principal system variables (psv's) are those variables
of the nodel which are defined by ordinary differential equations
whose derivative appears on the I'eft hand side of an algebraic
expression, as Jv, and Pn, in equations 4, 5 and 6, below They
are synbolized by two letters, the first of which is capitalized,
and may be subscripted. The defining expression involves
I ntenedi ate system variables (Isv's), paraneters, forcing
functions and, possibly, independent variables (eg, tine) and
subscripts denoting spatial or other categories.

Internmediate system variables are synbolized by two letters,
both | ower case, and may be subscripted.” 1sv's are ‘functionally
dependent upon other 1sv's, driving functions or independent
%arlables. anples are rti, rcji and nti in equations 4, 5 and

~ Driving functions are symbolized by two letters the first of
which is »r* and the second of which is”|ower case. They may be
subscripted and are dependent only upon the independent variable,
time, as the fishing nortality, Ffi, in equation 6.
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Paraneters (constants) are variables which do not change
value during the course of a sinulation. They are synbolized by
three or nore characters the first of which’is "p" and the
remai nder are chosen to be menonic of the PSV or ISV with which
they are associated. For exanple, see prcl in equation 1.

~For this system of ordinary differential equations, the only

continuous independent variable is time, synbolized as t.
Subscripts are a discrete independent variable used to denote,
spatial location, species or other discrete functional biologica
%rouplngs (eg juvenile vs. adult). Lower case letters i, j, k and

are used exclusively for subscript synbols. The nean|n% of a
subscript suffixed to another variable is determned by the
osition of the subscript, not the particular symbol uSed, eg,
fi and Ffj both denote categories of fishing nortality. In the
following nodel definition, Subscripts are omtted except where
necessary in the explanation of nodel mechanisns.

Mat hematical functions which are convenient for definition
of nodel mechanisns are synbolized with two [ower case letters
followed by left and right parentheses_encIOS|n? t he independent
vari abl e(s) and ﬁaraneters associated with the function. These
are defined in the text as they occur. See, for exanple, atg..)
in equation 12 or gg(..) in equation 7. Mathematical “operators’ of
summation and differentiation are synbolized by sif...] and
Dt[... 1, res., where the square brackets help to differentiate
the operator notation from function notation. The second
character is the_ indicial variable of the operator. This, for the
exanpl es given, is subscript i in the case of sunmation and
I ndependent variable t in the case of differentiation

The notation described above is used to define the
mat hematics of the nodel and is carried over to the conputer
i npl ementation of the sinulator used for analysis of the nodel
subject only to the syntactical limtations of the programm ng
| anage used. There are a nunber of symbols required in the
conput er |nPIenentat|on_mh|ch do not appear in the mathematica
statement of the nodel itself; synbols are used which do not
conflict with the above schema. This approach is intended to
simplify the conmmunication of the nodel to the reader and among
research team nmenbers and to facilitate the further devel opnent
of the nodel. Further, the synbolic notation is chosen to
facilitate the typing of mathematical expressions on a single
| i ne of astandard conputer terminalfor easy communication by
electronic mail using sinple editors and/or word processors
wi thout graphic facilities and using a standard ASCI| keyboard.
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Colunhia River Fcosystem MNbdel (CREM),

- The Colunbia River Ecosystem Mdel is a set of ordinary
differential equations for the number depsity of juvenile
salmonid groups, JV (nunber/square_neter), and predator fish

roups, Pn (number/square meter). The groups can be distinished

y species, size, age or_any other distinct criterion (eg,
hatchery vs. wild). Density state variables are specific to each
of a series or network of spatial sub-areas covering a contiguous
area conprising one or more river inpoundments beginning at an
upstream dam where passage of salmonid groups has been enumerated
(Figure 1). The difrerenfial equations resolve, for salmonid
prey, three processes: migration into an area, enmigration from
the area and loss to predation while in the area. These processes
can be functionally dependent upon a variety of other sKstenland
environmental driving variables. For predator groups, the
differential equations resolve nortality due to natural or
fishing processes.

~ Recruitnent to the groups is resolved by discrete
adjustments to density state variables on an annual basis: growh
is represented, where” desirable, by an additional state variable
for the average weight of each predator group. The differentia
equation for weight follows the bioenergetic formlation of ¢
Bl edsoe and Megrey (1989) and resolves netabolic processes ©
anabol i sm resul'ting from food ingestion and catabolic
respiration. Neither recruitment nor growth is relevant to the
intra-year focus of this study and will not be discussed further
except "in the context of further research needs.

_ Movenment between contiguous areas is represented by a
diffusion-1ike process characterized by a mean residence tinme, rt
(days) , in an area. The loss termfor jjuveniles froman area iIs

Jv /rt

which results, for a pulse of incomng juveniles, in an
exponential decline in density with loss rate coefficient rt'.
The average resi dence time observed in the solution to the |
differential equation will then be rt. FOr groups characterised
by a broad distribution of residence times, the nodel can be
paraneterised by a series of groups each with a single
characteristic residence tipe and aproportional distribution of
densities. Aternatively, the distribution of residence tines can
be represented by Mnte Carlo stochastic simulations or by a
series of determnistic sinulations with residence tines
representative of l|inearized segnents of the cunulative o
distribution of residence times. In this latter case, nortalities
or other output statistics can be calculated as Mehghted sung of
the results of the discrete sinulations, Wth weights taken from
the distribution of residence tines. Resi dence tine, for
determnistic sinulations, 1S normally equated to a constant
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paraneter. However, for areas subject to very high flow rates
such as the discharge zone of the dam residence time is assumed
to be equal to particle flow time through the area.

Predation processes are represented by a sum of the rates of
consunption, rc, over all predator groups for each juvenile

group:
sif rci jJ.

Each rate of consunption is functionally dependent upon four
factors (1sv's), each in turn dependent upon other system
variables or driving functions:

1. functional response, fr, is dependent upon juvenile
density, Jv;

2. a tenperature factor, ct, IS dependent upon water
tenperature, Ft;

3. a spawning condition factor, sp, is dependent upon gonad
rate of weight change, Fg;

4. a flow conponent, fl, is dependent upon flow volume, F1.

Each of these four functional q%?endencies IS rﬁgre?ented by
a variable between zero and one, reflecting the degree o
attenuation of a maxi num consunption rate, prcl. Rate of
consunption of the ith juvenile group is the product of these
four variables, the maximum consunption rate and the proportion

jp;, Which the ith prey species is of total juvenile density,
tJv:

rc; = prcl fr & sp £f1 jp; 1
wher e .
ip; = dvy /W 2
and
tyv = si[ Jv; ]. 3

Driving variables for this nodel are time series of juvenile
sal moni ds passing the upstream dam (Fs, nunbers / day), flow
through the dam (F1, cubic meters , day), reservoir ‘tenperature
(Ft, degrees C. as an average for the reservoir) and the gonad
rate of weight change for the predator groups (Fg, g/day).

Initial conditions are the predator densities by group and
reservoir area.

228




- The differential system for the intra-seasonal nodel .
(ignoring growth and recruitnment of predators) can be summarized
in three equations:

Dt{ Jv, 1 = Fs - Jvy/rt, - § [ rcy ] ' 4

where the subscript 1 indicates area 1, the nost upstream area of
the system and subscript j indicates predator group in area 1.

Dt[ Jv; ] = Jvy, /rtyy = Iv; /Tty - § [ rey ) 5

where subscript i > 1 indicates reservoir area. Equations 3 and 4
indicate that juvenile input to area 1 is determned by the
dr|V|n? function Fs; downstream inflow of salmonid juveniles is
the outflow from the contiguous' upstream area

Dt[ Pn, ] = -( mt; + Ff; ) Pn 6

Equation 6 indicates that predator dynamcs are determned by the
two instantaneous natural (mt) and fishing (Ff) nortalities.

Ecosystem Si nul at or

_ The differential equations conprising the nodel are

i npl enented as subroutines of a Fortran conputer program which
numerically integrates the equations for a specific set of
parameter values, driving functions and alternative functional
relations among the four which determne consunption rate as
described above. The version of the simulator (1.3) used for this
stud¥_|nqorporates options for repeated simulations with

modi fication of paraneter values at each execution and addition
of stochastic conponents to the sigmoid functional response
curve.

ate of .
fms in version

Specific functional fornms which relate the
consunption to other system variables are as fo
1.3. Parameter values used are given in appendix

r
I

Tenperature nodul ates consunption rate by a snoothly peaked
function with maxinum at 21 deg. C; figure 2 shows the .
functional relation and the observed data upon which the function
s based. The equation used in the simulator is:

ct = gg(Ft, 0., prc4, prc5, prcé) 1
wher e ..) 1s a four paraneter "generalized gamma" (Vi and
Burleyg%g913 function de?ined by : (Vg

] gg(x,a,b,c,d) = z° exp{ (c/d) (1 - 2% } 8
an
Z = (x -a)/(b-a). 9
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The functional response curve is a signoid form shown in
figure 3, with the observed data upon which it is based. The
equation used is:

fr = sg(tdv, prc2, prc3) - 10

where sg(..) is a two parameter sigmoid function defined by
sg(x,a,b) = 1./ (1. + a exp{-b x)). 11

through & Griving. functlon ma, Wh RIS Lhe Alerage rate o

change of gonad size in female predators. The spawning effect
Isv, sp, IS calculated as a function of Fg:

sp = pspl + (1.0 - pspl) at(Fg, psp2, psp3). 12

In equation 12 até...) Is a two paraneter doubly asynptoting
function calculated from the arc tangent trigonometric relation
by Jlaearly transformng both dependent and I ndependent

vari abl es:

at(x, a, b) = pi" tan'{ c (x - a)) 13
wher e
. C= tan(.4 pi) / b 14
and pi = 3.14159... Parameter values ‘are chosen so that sp wll

have a value of about 0.20 whenever the gonads are losing weight,
l.e. Fg < 0. The value of sp will rise abruptly toward 1.0 as Fg
becones positive.

Attenuation of consunption during times of extrenely high
flow, such as occurs in the tail race close to the spill ways, is
effected by calculation of fl as

fl =sw(Pn, O, pvt -~ Fl / pa) 15

where pvt is a flow velocity threshold, F1 is river flow rate in
vol ume units per da%, pa is the surface area of the relevant area
and sw(...) is a threshold switching function defined as

/.
) | x if a>0.0 T
sw(x, Yy, a) = < .
d |y if a<0.0.
\

This formulation will have the effect of setting the effective
predator density to zero whenever the-velocity threshold is
exceeded in a river area by current velocity.
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Si nul at or _configuration

The CREM sinulation program was configured with the
parameter values |listed in appendix 1 to describe a two area
subdi vi sion of John Day Reservoir downstream from MNary Dam on
the Colunbia Rver. Area 1 of the sinulation was configured for
the one-hal f kil oneter éapprox.) section (460,000 m2) 1nmediately
bel ow McNary Dam called the boat restricted zone (BRZ). Area 2
was the remainder of the reservoir (210 mllion m2) 95 km
(approx.) in length. Water tenperature, daily dan1d|schar%e and
juveni| e salmonid dal&y mgration indices used to drive the
Sinulator were frem 1985 records. Only predation by large
(greater than 400 nm fork length) northern squawfish was
simul ated: predator nunbers assumed in the two reservoir areas
were 2,800 in area.1 and 82,000 in area 2 (Beanesderfer and
Rieman 1988). Predator nunbers were assumed to be attenuated by
an instantaneous nortality rate of 596Fx*. Five juvenile
salmonid types were simulated: sub-yearling chinook, yearling
chinook, Steelhead, coho and sockeye. The sinulated tine period
was from Julian day 91 to 241. The differential equations were
integrated with an Euler (first order) method. A tine step
smal ['er than 0.01 days was found to result in no further change
in sinulation results in the third significant digit for any
model variable: 0.01 days was accordingly chosen as the tine step
for all sinulations.

The sinulator reported time series of juvenile salnonids by
area and type, predator nunbers by area, cuirulative consunption
by salmonid type, predator type and area and cumul ative salmonid
fractional nortality by type and area.

Resul ts
Simulation of 1985 mortality

Figure 4 shows the time series of reservoir tenperature,
flow and predator gonad index with daily passage nunbers and
cumul ative nortality for two species of juvenile salnonids. Table
1 gives total nortality in areas 1 (BRZ) and 2 grgserv0|[) for
all” five juvenile salmonid types. For purposes of 'conpari'son with
the exercises reported below, these results will be referenced as
the standard simulation.

Al though direct enpirical neasures of total salmonid
nortality are not practical, the sinmulated nortality projected by
CREM can” be conpared in aggregate with the estimates reported by
Rieman et al. (1988). This report made nortality estimates based
on predator dally consunptlon_neasurenents and used sinple
aIPebralc methods to scale daily consunption rates up to seasona
val'ues and neasured predator popul ation |evels. The methods of
Reman et al. did not consider effects of salmonid density,
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tenperature, flow rate, juvenile residence tine or predator.
spawning but they did consider empirical nmonthly variation !N
consunpfion rate,” the sane areas configured intdo CREM and
reported the inter-annual variance in consunption rate per
predator and total salnonids [ost. Due to the different nethods
of aggregating nortality estimates in this study and in Rieman €t
al., only the total season nortality of salmonids excluding
steel head can be conpared. This value was 0.11 for the R eman et
al. study (calculated from values reported in table 1, appendix
table 5 and the reported fraction of predation due to northern
sguawfish, 0.78). The conparative value from the creM sinulation
results was 0.44.

| | Simlati

Several simulations were conducted to examne the effects of
ool -wide renovals of northern sguawfish wthin John Day
eservoir. Predator removal simulations were conpared with the
standard simulation that used the northern sguawfish popul ation
estimates of 82,000 adult sguawfish in the pool. Figure 5 shows
the time series of nortality for sub-yearling chinook wth 50%
and 90% of sguawfish removed from the reservoir. Wen 50% of the
northern squawfish were renmoved (41,000) from the pool, mortality
rate of sub-yearling chinook declined Oan 36-43%)durhng t he
period of peak snolt passage (Julian day 160-210). The nunber of
sub-yearling chinook lost to predation in the pool by the end of
the sumver (Julian day 241) was 5.4 mllion with 50% predat or
renoval conpared to 7.5 mllion for the standard simulation, a
28% reduction. Wen 90% of the northern squawfish were renoved
fromthe pool, leaving only 8,200 predators, nortality rate
declined roughly proportionally (about 909 to the predator
removal (Figure 5). The nunber of smolts lost in the pool by day
241 was 1.5 mllion, an 80% reduction.

Temperature Chanse Sinulations

Tenperature affects the rate of consunption bg northern
squawfish of juvenile salnonids (Vigg and Burley 1991). Mean
daily water tenperatures during summer nonths nmay change bK
several degrees from year to year and the inpoundment of the
Colunbia Rver by large dans caused summer water tenperatures to
increase by as mich as 1.5 deg. C over pre-inpoundment days
(Novotny and Cark, unpublished report). Two sinulations” were
conducted to investigate extreme warm~ VErsus cold-water years.
Nornmal |y, water tenperatures do not increase nuch until m d- My
so May 15 was chosen as the date when tenperatures coul d be
divergent between different years. Between May 15 and Septenber
1, daily input tenperatures were raised or |lowered by 3 degrees
C. Figure 6 sumarizes the results of these anal yses, show ng
reservoir nortality tine series for sub-yearling chinook
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Decreasing daily water tenperature by 3 deg. C caused June
through August nortality to decrease 20-40% during the period of
high smolt “passage, conpared to the standard simulation. During
this period, nmortality increased from0.10 to 0.59 with the
| owered tenperatures but increased from 0.17 to 0.65 in the
standard sinulation. Total nunber of sub-yearling chinook lost to
predation by the end of the sumer in the reservoir and BRZ
during the 1Towered tenperature sinulation was 6.9 mllion
conpared to 7.5 mllion during the standard simulation

Increasing the water tenperature by 3 deg. C for each day
followng My 15 caused a more conplicated pattern of nortality
change. "Until md-July (Julian day 191), the rate of nortality
was slightly higher in the warmer-water sinulation conmpared to

the standard simulation, but by late July fJuIian day 201)
mortality rate had dropped below the nortality rate of the
standard sinulation and continued to be relatjvely |ow throughout
the remminder of the summer. Mrtality for the warmwater
sinulation was, in fact, lower than nortality in the cold-water
siml ation from about day 201 until the end of the simulation
Wth warm water conditions, the relatively lower rate of
mortality during the latter portion of the sub-yearling chinook
passage caused the total nunber of smolts consuned (5.4 mllion)
to be significantly less than in the standard sinulation (7.5
mllion) or the cool-water sinulation (6.9 mllion).

i den Ti Lmul ation

Aver age residence timeof juvenile salnmonids wthin John Day
Reservoir has been estimated by Sinms and Ossiander (1981) to be
21 days for sub-yearling chinook and 4 days for other salmonid
species. W consStructed a frequency distribution of individua
residence tines for a rela1|veIY | arge nunber of narked and
recaptured fish fromdata in MIler and Sims (1984); figure 7
shows the results. These data suggest that reservoir residence
times for sub-yearling chinook may be as short as five days or
exceed 100 days. The distribution of these data is highly skewed
wth a nean of 31 daYs and a median of 49 days. Because of the
skewness and variability in residence tine data for sub-yearling
chinook, several creM sinmulations were perforned to investigate
the effects of different residence tinmes in John Day Reservoir
and to obtain an estimate of reservoir nortality based on
achgerepresentat|on of the residence times found by MIler
and Si ns.

The cumul ative distribution function (cdf, figure 7) of
sub-yearling chinook residence timeswasdivided by eye into five
aﬁprOX|nater linear intervals. This procedure was able to match
the cdf with an error of less than 1% of its maxi mum of 641
tagged and recovered juvenile salnonids. The mdpoints (and
frequencies relative to 1.0) of the linear segments of the cdf
are given in the first two colums of table 2; these correspond
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to wdths and heights of blocks in a snoothed histogram

approximation of the highly erratic frequency distribution shown
in figure 7. Five sinulations were perforned wth nmean residence

times corresponding to the residence tines in table 2; sub-

Yearlln chinook predation losses and nortalities are-shown in
igure 8 and table 2.

As expected, short residence tines (eg., 7 days) within the
reservoir resulted in relatively low rates of nortality while
extended residence tinmes caused nortality to be as h|%P as 0.9 by
the end of the summer. Rapid passage of smolts through-the
reservoir resulted in a sub-yearling chinook nortality of 0.37 by
day 241 whereas nortality was 0.79 or higher if they remained in
the reservoir for 39 or nore days. . . . _

The weighted nean nortality for the five simulations wth
different residence times was 0.61. Mrtality in the standard
sinulation using a 21 day reservoir residence tine was O0.65.

Density Deoendent consumption Effect

Because of the non-linearity in the functional response
curve, increased density of juveniles beyond the inflection point
shoul d result in decreased nortality ratés due to a swanping
effect on the predtors. To test this effect a series of
simulations were conducted with art|f|C|aII¥ I ncreased passage
ratef ﬁf sub-yearly chinook. Table.3 shows the results of these
si nul ations.

Uncertainty in the Functional Response Curve

The data used to estimate the functional response _
relationship (figure 3) has a data distribution which is highl
skewed to lower values of salmonid density. In order to test the
sensitivity of CREM predictions to the consequent uncertainty in
the functional response, a stochastic version of the CREM
simulator was inplenented. This version was designed to choose
values for the functional response ISV (fr) based on the juvenile
density and/or the determnistic value of fr according to a
specified distribution function. This was acconplished through
use of a pseudo-random uniformy distributed random nunber

enerator algebraically transfornmed to give the desired
Istribution.” A choice of values for fr is made in the CREM
simulator for each interval over which a solution to the
differential equations is approximated.

For salmonid densities bel ow 0.0035 /m?, figure 3 shows no
coherent form Analysis of consunption rate data for this range
of salmonid densities indicated that an approximately uniform
distribution was appropriate. Above this range, consunption rates
wer e d|str|buted,apprOX|nater,nornaI-H% about the signoidal curve
with a 10% coefficient of variation. ese mechani sms were
incorporated into the stochastic simulator and two sinulations
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with different initial seed values- for the pseudo-random nunber
generator were performed. Figure 9 shows a sub-sanple of the

val ues of fr which were utilized in one of these sinulations.
Figure 10 shows the time series of nortality for sub-yearling
chinook generated by the two stochastic sinulations, in
comparison with the tine series fromthe standard sinmulation. No
nmore than two stochastic sinulations were performed because of
the simlarity of the two.

Di scussi on

The total season nortality for non-steel head sal nonids
0.44) was much larger than that calculated by Rieman et al.
1988). This was because the latter study did not take into
account the extended residence tine of sub-yearling chinook
relative to other salnmonids., cREM nmakes the assunption that
mortality occurs in proportion to Ien%th of time exposed to
predators. |If the results of Rieman et al. are pro-rated in order
to calculate predation rates for other than sub-yearling chinook
the nortality values predicted by creM, 0.089, are conparable.

. Mrtality rates in the reservoir are predicted to be much

hi gher than those in the BRZ, in contrast to the reported h|a9er
consunption rate of juveniles by northern squawfish in the BRZ
(Rieman et al. 1989)." The higher nortality rates in the reservoir
are not an unreasonabl e expectation when the relative residence
times of juveniles in the BRZ relative to the reservoir are taken
into consideration. Predators are nore dense in the BRZ (16X)
however the much greater size of the reservoir (456X) together
with the nuch longer residence time (4 days vs. 15 mnutes

typical for early spring flow rates) much more than conpensates
for the increased density. Studies subsequent to this analysis
have indicated that reséervoir salmonid consunption rates by

i ndi vidual predators are lower than in the BRZ because the
predators have a nore varied diet in the main reservoir (Vigg,
pers. comm.). This study assumed the same consunption to salmonid
density relationship in the reservoir and the BRZ Consideration
of the diet quality differences in the two areas should |ower the
reservoir nortality estimtes, but the profound effect of .
extended residence time will still be inportant. The diet quality
differences are being considered in future research using CREM.

The reason for the non-proportional survival of smolts
followng simulated predator renoval is the nonlinear response of
consunption rate versus pre¥ density. Fewer predators results in
hi gher prey densities but the rate of change in consunption slows
at very high prey densities when the functional response curve is
operating near ifs asynptote.

The reason for the reduced mortality under warm water

conditions was the reduced rate of northern squawfish feeding
when tenperatures are greater than 21.5 deg. C. according to the
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curve shown in figure 2. As the water tenperature increases
during the season, increased nortality will result until the
tenperature reaches the maximum of figure 2 at 21.5 degrees. Any
subsequent tenperature increase will result in decreased feeding
and decreased nortality rates. The three degree increase

simul ated corresponded to extrenely warm reservoir tenperatures
late in the season

The residence tine sinmulations for sub-yearling chinook
showed very high reservoir nortality for these native (non-
hat chery) sal moni ds. Though substantial nortality to hatchery
rel eased juveniles is due to predation, the naturally reared
juveniles are subject to nuch greater predation presSsure. This is
due to the nuch greater residence time in the pool of the sub-
yearling chinook, as revealed by re-analysis of the data of Sins
and Ossrander (1981, see figure 7). The use of a single residence
time conparable to the mean of the highly skewed, tenporally
distributed residence tine did result in nortality predictions
which were very simlar (0.61 vs. 0.65), indicating that the
Poi sson process assunptions of crREM will vyield useful results
even when nigration patterns are conpound” Poi sson processes.

The objective of the exercise in which juvenile daily

passage nunbers were increased several fold was to determne to
ossi bl e value of concentrating juveniles to take advantage of

he asynptotic nature of the functional response curve to reduce
mortality. Table 3 show that nortality rates can be decreased but
42% nortality is still nuch too large to be acceptable. The
practicality of this approach would depend upon a nethod for
"focusing" ﬁassa e into a narrow tine window this is currently
beyond technical capability.

nhe of the nost salient criticisms of this and other
Colunbia River fish passage nmodels mght be the amount and type
of data used to design the nechanisns involved. The distribution
and amount of data shown in figure 3 is far fromthe nost
desirable, however the shape is in full agreement with existing
ecologlcal theory. The value of the exercise to stochasticize the
functronal relation is that a great deal nore data points woul d
not yield different results in terns' of nortality rates, so |ong
as that data assumed the same basic form of the existing curve.
Wiile this does not indicate that no nore consunption rate data
Is needed, it does say that our research should be focused on
methods which mght contradict the past research, rather than
simple repetitions of the previous nethods,
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Table 1. Total predation nortalities and numbers | ost
Igeparent_heses, 000's) by area and salmonid type for John Day
eservoir in 1985, based on sinulation with the Col unbia
Ri ver Ecosystem Mdel

Juveni | e salmonid Type

Reservoir Sub-yearling Yearling Steel head Coho  Sockeye

Area Chi nook Chi nook
BRZ 0.021 0. 0029 0. 0035 0.0039 0.0037
(240) (15) (0) (0) (6)
Reservoir 0.65 0.081 0. 099 0.12 0.096
(7400) (444) (153) (15)  (181)

Table 2. Mean residence times and associated frequencies for sub-
yearling chinook from data of MIler and Sins (1984);
predation loss and nortalities associated with each mean
residence tine.

Tot al
Resi dence Frequency  Sub-yearling chinook Total nortality
Time (d) Lost” by day 241
(X 10%)

7 0.30 3.9 0.35
18 0.28 7.1 0.62
39 0. 27 8.7 0.76
88 0.14 9.7 0.85
134 0.01 10. 0. 88
Wi ghted average 0.61
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Table 3. Predation loss and nortalities Predicted by cremM for
increased levels of daily passage of sub-yearling chinook

sal non.

| ncrease Predation Mrtality

Fact or Loss (x10°%) (reservoir)
2X 11. 0.60
3X 13. 0.49
4x 14. 0. 42
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Figure captions

Figure 1. Diagram of processes and variables in the Colunbia
Ri ver ecosystem nodel (CREM.

Figure 2. Ceneralized gamma function fit to data describi n?.
experinental |y determned relation of naxi num consunption
rlggle to water tenperature. Adapted from Vigg and Burley

Figure 3. Functional response model of salmonid consunption by
northern squawfish versus salmonid prey density in the
?3%183'3“ of McNary Dam Col unbia River, 1983-1986 (Vigg

Figure 4. Tine series of nodel output for 1985 sinulation of
predation nortality on John Day Reservoir. a. Mdel drivin
functions: dam flow (F1), reservoir tenperature (Ft), gona
rate of change of weight (Fg). Daily passage rate and
cumul ative nortality for b? coho and (c) sub-yearling
chinook juveniles.

Figure 5. Simulated effect of different levels of predator
rﬁ_rmvall( from reservoir areas on nortality of sub-yearling
chi nook.

Figure 6. Sinulated effect of reservoir tenperature change on
sub-yearling chinook mortality.

Figure 7. Frequency distribution and cunulative frequency
distribution of residence tines in John Day reservoir for
sub-yearling chinook salnon. Data are from MIler and Sins
(1984). Straight line segnents were fit by eye in order to
simulate the effect on nortality of the skewed distribution
of residence tines.

Figure 8. Effect of residence time on cunulative nortality of
sub-yearling chinook sal non.

Figure 9. Sub-sanple of values of the functional response ISV,
fr, used in stochastic sinulations to test the sensitivity
of the functional response relation. Open boxes are the.
val ues which would have been used in a determnistic
simulation: pluses (+) are the actual values used. a. Two
out of each 100 values used in area 1 (BRZ). b. Values used
between days 150 and 180 in area 2 (reservoir).

Figure 10. Tine series of nortality for sub-yearling chinook in
area 2 (reservoir) sinulated using a stochastic functional

response relation. ({)en boxes are results of the standard
simul ation, pluses (+) and dianonds are from the two

stochastic sinulations.
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Appendi x 1. Paranmeter values used for sinulations, in order of
ap egrance in text. Values are dinensionless unless otherw se
not e
Paraneter Prey Area Predator Value Description
# o# #

prcl 1 5.048 ©~  Max. consunption rate, fish/d

prc4 1 21.1 Tenp. at max. consunption
rate, deg. C

prcs 1 2.0 1st shape param. (gg), eq. 7

prcé 1 15.0 2nd shape param. (Qgg), eq. 7

prc2 1 82.6 1st shape param. (sg), eq. 10

prc3 1 774, 2nd shape ,paran. (sg), eq. 10,
(fish / )

pspl 1 0.2 Mn. value for spawning
attenuation of consunption

psp2 1 -0.5 Fg value at inflection point
of sp, g/d

psp3 1 1.0 I ncrease in Fg required to
raise sp to 0.9, g/d

pa 1 4.6x10° Area of BRZ, n?

pa 2 2.1x108  Area of reservoir, mn?

prti 1 2 21.0 Residence tine for sub-
yearling chinook, d

prtl 2-5 2 4.0 Resi dence tine for other
sal noni ds,

prt2 1-5 1 10.0 Mean depth of BRZ, for

velocity proporti onal
residence time, m
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Appendix D2

Col umbi a River Ecosystem Mdel
Version 2.04

Program listing, input data and exanple output

| ncor porating
o dynamc fishing nortality
o NOvenent anong reservoir areas by predators
o Stochastic variability in parameters and driving functions

« conplex reservoir area structure and salmonid mgration
route
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program cren04
c Ver 2.04, 8/31/89:

ct+ --1.1, 1.3 Fishery nortality-- Effort & catchabilities

ct++ --1.2 Equilibrium densities by area, mgration coefficients ‘
c --1.4, 1.5 Expand nunber of f1sh specieS/size categories, add PSV S
C for predator weights, add energetics eqn. for growth, add

c reproduction, add who-eats-whom matrix & diet quality

c --1.6 (n133|ng% . o _

c++ --1.7 Option tor stochastic variation of params & forcing funcs
c++ --1.8 Save final psv's for re-initialisation

C --1.9 (not here) o _

cH+ --1.10 Add loop for nanual param nodification

Ver 1.3, 3/24/89: . _ |

-~ Mdification to provide for stochastic functiagnal response

to prey density-- substitute function stosig for sigmo in
subroutine isv o .
- Add printout of position on functional response curve--
"predator efficiency”
Ver 1.2, 2/6/89: . . .

--Mdification to allow repeated sinulations with one paranmeter
read fromfile 'times.dat', Intended to perform stochastic
simulation of residence tinme, output on unjt 3, nortality
of juv sp. 1 in area 2 (sub-yearling chin in reservoir)

Ver 1.1, 6/21/88: _ .

--Juvenil es defined as numbers in area, convert to density

for functional response (nodified der) T

--Mdify functional response to include tenp effect & signoid
curve

--Change to Mm~3/da units for passage file, convert M to passage
numbers with Vigg regression _

--Add velocity threshold for predation

--Add spawning effect on functional response

--Add cunul ati1ve nnrtalltY calculation and printout

Col umbia River Ecosystem Mdel, Predation, Ver 1.0
Incorporates Ver 0.9 to allow input of predator nunbers by _
type, area and month for check of consunption against tine invariant
nmodel -- File name 'pdfil' contains name of file with time series
of predator nunbers by type and area
Note subscript order conventions for psv's as follows:
Juveniles: Jv(species,area
Predators: Pn(species,area
cConsunption rate: Cn(juv. sp.,area,pred. sp.)
c Per capita consunption: cp(pred. Sp.,area)
real vp(240) .
| ogi cal debug, deriv
$INCLUDE: 'cremfil.cmn'
real sav(240)
character*72 runane
SINCLUDE: 'Crem204.cmn'
clockf(il,i2,13,14)=3600.*i1+60.*i2+i3+i4/100.
call getdat [%r,[npn,[day)_
call gettin(ihr,imn,isec,ilQ0

sXsNeNoNesNsNeNoNoNoNoNoNeoNoNeNeNe N s NoNoNoNoNoNo NN NN N ¢!

- pu—
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et =cl ockf (i hr,imn,isec,il Q0
open(5,FILE='simpar.dat')
open(3,FILE='crem.out’')
read(5,1100) runame _ ]
readés,100)%e,np,nisv,na,njv,npd,debug,derlv,tl,tz,tp,dtt
read (5, *)nrpt _ .
write(*,200)iyr,imon, iday, ihr,1min, 1sec
write(*,1100)runame
write(*,1100) .
write(*,300)ne,np,nisv,na,njv,npd,debug,derly,tl,tz{tgggFt
if (nrpt.ne.l)write(*,*) 'Repeated simulation,',nrpt,' tI|nes*
read(5,800)nl1, (n2(i),i=1,nl)
write(*,900)nl, (n2(i),i=1,n1) o
write(3,1000)iyr,imon,iday,ihr,lmln,lseg,nl,(n2(1),1=1,n1)
read(5,700)dfil,tfil,ffil,pfil,gfil,pdfll ‘ ' . .
write(*,*)' Data file nanes: ',dfil,tfil,ffil,pfil,gfil,pdfil
call init(vp,ne,0.)
call init(psv,ne+1,0.)
read(5,400) (psv(i),i=32,56)
write(*,*) " |nitial conditions read’ _ _

c Save initial conditions in order to restart simulation
call copy(psv,sav,ne) . _ _ _

c Qpen file wth residence times if repeated sinulation
if(nrpt.ne.l) open(9,file='times.dat’)

c write(*,500) (psv(i),i=32,56)

c read(5,400) (F(i),i=2,8)
close (5)

c write(*,*)' Loc 5, debug,dtt ',debug,dtt
cal | 1 nput(debug, deriv)

c write(*,*)' Loc 6, debug,dtt ',debug,dtt

if (nrpt.eq.1l)write(*,600)
c Iterate on nunber of repeated sinulations
do 10 i=1,nrpt
cal | copy(sav, psv, ne)
if(nrpt.ne.1) read(9,*)ii,prti(1,2)
=tl-tp
1 t=t+tp
cal | output(t,vp,debug,deriv)
call integ(t,t+tp,vp,dtt)
if(t*1.00001.1t.t2) go to 1
10 continue
close (3)
call gettim(ihr,imin,isec,i100)
et=clockf (ihr, imin, isec,il100)-et
write(*,*)' El apsed tine: ',et,' seconds
100 format(6i5,212,4£5.0)

200 format(////le, Vohkkkdkhkdkhhkhkdhhhhhhhkkhkdkhkhkhhdkdhhkdkdhkdhhkhhhhkrkhkk!?! /10x'
+ '* Colunbia River Predation Sinulator =*'/10x,
+ 1% Ver. 2.04 %' /10x%,
ok Stochastic Functional Response *'/10x,
+ o1k Fishing Effort and Mrtality *! /10X,
t ot Inter-area Predator Mgration  *'/10x,

257




LR '6i5,4x,'*' /10X,
F v skkkkkhkkkk kR KRRk R AR AR I KE R Rk Rk KRk ER [ /)

300 format(5x, No. of equatlons = ',i3,', No. of paraneters =,
+ 15/5x, . of isv''s = ',13 No. of areas = ',i3/5x,
+ Béey types = 'i3," hb. of pred. types =1 -
+ 13/5x, bug output? 12, , Derivative output7 "' 12/ 5x,
+ v Start time = flO 5,', End tinme = ',£10.5/5x,
+ ' Print interval =',f10.5,", Integration step size = ',£f10.5//
+

)
600 format(/10x,' Tine, Driving variables,'/18x,'PSV''s'/)
400 format (10e6.0)
500 format(5g12. 4)
700 format(6al2)
800 format (21i3)
900 format(5x,i5,' psv''s for CREM QOUT: '20i3)
1000 format('CREM 1.1 '6i5/21i3)
1100 format(a72)
end
c ——— -—
subrout|ne I nput ( debug, deriv)
character*10 nnp
| ogi cal debug, deriv
common/stopred/nfqg,pdrate(10) ,freg(10)
SINCLUDE: ‘cremfil.cmn’
SINCLUDE: 'Crem204.cmn’
call init(par,np,0.)
call 4init(isv,nisv,0.)
call init(nj,25,0.)
open(2,FILE=dfil) _ _
c read area adjacency matrix, nj
read(2,*)
read(2,1200) nj
write(*,1300) nj
read (2, *)
read(2,¥*)
write(*,400)
-
1 ii=ii+1
read(2,100)i,3j,k,1,nmp,p
write(*,200)ii,i,nmp,j,k,1,p
c read paraneters
go to (21,22,23,24,25,26,27,28,29,30,31,32,33,34,35, 36,37,38,
>39,40) 1

21 pa(3)=p
go to 99

22 pg (1) "B
go to

23 prtl(j k) =p
go to 99

24 prt2 (j ,k)=p
go to 99

25 prcil(l)=p




26
27
28
29
30
31
32
33
34
35
36
37
38
39

40
99

[\SNp]

owaon

go to 99

prc2(1)=p

go to 99

prc3(1)=p

go to 99

prc4 (1)=p

go to 99

prc5(1)=p

go to 99

prc6(1l)=p

go to 99

pmt (1)=p

go to 99

pvt=p

go to 99

pspl(l)=p

go to 99

psp2(1)=p

go to 99

psp3(1)=p

go to 99

psf(l)=p

go to 99

psd=p

go to 99

pd(1l)=p

go to 99

pPn(k,1l)=p

go to 99

prg (1) =p
if(.not.eof(2)) go to 1
close(2) o
write(*,500) ||
open(4,FILE=tfil)
read(4,300) _
read(4,300)i,tday(1i),temp(1)
write(*,300)i,tday(i),temp(1)
if(.not.eof(4)) go to 2
ntemp=i

close(4)
write(*,600)ntemp
open(4,FILE=ffil)
read(4,300)
read(4,300)i,fday(i),flow(i)

convert flow from Mm~3/da t0 m~3/da

flow(i)=flow(i)*1.E6
if(.not.eof(4)) go to 3
nfl ow=i

close(4)
write(*,700)nflow

C Read passage file (pfil)

open(4,FILE=pfil)

259




read(4,300) . . . .
read(4,300)1i,Jjday (i), (Juv(j,i),j=1,nv)

C
4
C Convert mgration index to passage nunbers

50

do 50 j=1,njv
juv(j,i)=juv(j,i)*1.748
if(.not.eof(4)) go to 4
nj p=i

close(4)
write(*,800)njp

C Read gonad file (gfil)

C
6
C

open(4,FILE=gfil)

write(*,*)' npd= ',npd .
read(4,300)i,gday(1i), (gonad(j,1i),3=1,npd)
write(*,*)i,gday(i),(j,gonad(j,1i),3=1,npd)
if(.not.eof(4)) go to 6

ngon=i

close(4)

write(*,1000)ngon

c read predator effort file by type and area, if present

c set

60

dday (1)=-~1.
Ef(pdfil.ne.' ')then
open(4,FILE=pdfil)
| =
i=i+1 o
read (4,900)pdday (i), ((predef(j,k,i),3j=1,5),k=1,5)
write(*,*)pdday(i), ((predef(j,k,1i),J=1,5),k=1,5)
ifé.npt.eof(4)) go to 5
npdf =i
close(4)
write(*,1100)npdf
endif . . . . . . .
up stochastic predation enpirical distribution
nfg=psf(3)
do 60 i=l,nfq
J=2%1i+2
pdrate(i)=psf(Jj)
freqg(i)=psf (j+1)

c initialize ran

100
200
300
400
500
600
700
800
900
1000
1100
1200
1300

dl =ran(psd)

format(4i5,5x,a210,e10.4)

format (1x,2i5,1x,a10,'(',31i2,') =',g18.6)

format (i5,£5.0,6£10.2)

format (2x, 'Recd Bl kK Param Ndx Value'/1x,44('-"))
format (' Paraneter input complete',i5,' recds')
format(' Tenperature | nput complete',i5,' recds')
format(' Fl Ow i nput complete',i5,' recds')

format (' Passage i1 nput complete',i5,' recds')

format (£5.0/(10e5.0))

format (' Gonad increnment input complete',i5,' recds')
format (' Predator effort input complete',i5,' recds')
format (5f2.0) _

format (' Area adjacency matrix'/(1x5£5.2))

260




return
end

subrouti ne output(t,vp,debug,deriv)

SINCLUDE: 'cremfil.cmn’

real vp(205),d1(5,5),d3(5)
| ogi cal debug, deriv

SINCLUDE: 'Crem204.cmn’

data di/25*0./

if(nrpt.eg.1) t hen

call force(t) .
write(*,100)t, (F(i),i=2,8),ef(1,2), (Fg(i),i=1,npd)
write(*,200) (psv(i),i=2,ne+l)

C Calculate total nortalities and print (gv(i,6) has cum passage)

10

100

200

150
300
400

do 10 i=1,njv

d3(i)=0.

do 10 j=1,ma

if (Jv(i,6).ne.0.) d1(i,j)=sum33(Cn,i,j,npd)/Iv(i,6)
d3(i)=d3(i)+d1(i,3)

write(*,500) (j,(d1(i,J) ,i=1,5),J=1,na)

write(*,600)'T',ds

write(*,700) (j,j=1,na), (i, (Cp(i,3),j=1,na),i=1,npd)

call init(cp,25,0.)

write(3,150)t, (psv(n2(i)),i=1,nl) .

write(3,150)t, (Jv(i,6),i=1,njv), ((d1(i,J),i=1,njv),J=1,na)
write(3,150)t,Fs,Fl,Ft,Fg(1), ((d1(i,J),i=1,njv),J=1,na),d2
write(*,*)' Loc 1',6deriv,debug

i f(deriv) then

write(*,*)' Loc 2!

call der(t,vp)

write(*,300) _ _

write(*,200) (vp(i),i=l,ne)

endif

i f (debug) then

write(*,400) (isv(i),i=2,nisv+1)

endif

write(*,*)' Loc 3' _ _

format{/* Time Chin 0 Chin 1 Steel hd Coho '
>'Sockeye F|l ow Tenp Efrti2'/1x,£6.2,4x,898.3/
>1x,'Gonad | NC '5g99.3/) _

format(/' Prey Chin O Chin 1 St eel hd !
>'Coho Sockeye*/* Area 1',5g12.4/6x'2',5g12.4/6x'3',5912.4/
>6%,'4',5g12.4/6x,'5',5912.4/"' TotPsg'5gl2.4/
> Pred Squaws'/* Area 1',5g12.4/
>6x,'2',5912.4/6%,'3"',59g12.4/6%,'4"',5912.4/6%,'5"',5g12.4/
>t Cons Chin O Chin 1 St eel hd Coho Sockeye*/
>' SQUW 1',5912.4/4(7%,5912.4/) ,6x'2'5912.4/4(7%,5912.4/) ,6x'3"
>5912.4/4(7x,5912.4/) ,6x'4'5g12.4/4(7x,5912.4/) ,6x'5'5g12.4
>/ (7%,5912.4))

format (21el2. 4)

format (1x, 'Derivatives')

format (1x, 'Intermediate System Variables'/(7x,5g12.4))
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500 format(' nort '/' Area', i2,5912.4/(5x,1i2,5912.4))
600 format(6x,al,5g12.4) _
700 format(/' Per capita consunption by area*/* Area'2x,i7,4il2/
>' Pred'i2,5gl12.4/(5xi2,5g12.4))
return
endif
write(*,*)t,prti(1,2),sum33(Cn,1,2,npd)/Jv(1,6)
return
end

c - - = - - 3
subroutine integ(tl,t2,vp,dtt)
di nensi on vp(205)
$include: 'Crem204.cmn'
c write(*,*)' integ: t1,t2,datt ',tl1,t2,dtt
n=(t2-t1) /dtt+.001
t=t1-dtt
do 20 i=1,n
t=t+dtt
call der(t,vp)
do (2_0|j)=1,ne(_ ) +vp(i L
sv(]+l)=psv(j+l)+v tt
Pf (%sv(jgl). e. I.%-HO) psv(j+l)=00

c write(*,*)'Neg psv at tine ',t,', psv(',3,")=",psv(J+1)
20 contl nue

return

end
c ——————————————————————————————— -— -— - -

subroutine der(t,vp)
real wvp(205)
$INCLUDE: 'Crem204.cmn' _ . .
c functions to calculate equivalent |inear subscripts for
c 2 & 3 dinensioned arrays-- these work only for dimensions
¢ of (5,5) and (5,5,5) and nust be nodified if array
c dimensions are changed
ij(i,3)=(3-1)*5+i
ijk(i,3,k)=1j(i,3)+(k-1)*25
~ write(#*,*)' Loc 21'
Find driving function val ues
call force(t)
~ write(*,*)' Loc 22°'
Find internediate variable val ues
call isvt(t)
c Calculate derivatives

OO0

(e Ne!

C write(*,100)t _

100  format(' Derivatives being calculated at t =
>,£10.4) )

c Prey n1%ra1|on_and consunpti on
do 10 i=l,njv

C calc deriv's of Jv, area 1:
vp(ij(i,1))=Fs(i)-Jv(i,1)/rt(i,1)-sum33(rc,i,1,npd)
0 10 j=2,na .
c Sum contributions from other areas according to
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C proportions in adjacency matrix, nj
d3=0.
do 50 k=1,na o

50 if((nj(j,k).gt.Q).and.(nj(j,k).le.l.)) d3=d3+

>nj(j,k)*Iv(i, k) /rt(i,K)

C calc deriv's of Jv, areas 2 - na: .

10 vp(ij(i,3))=a3-Iv(i,j)/rt(i,j)-sum33(rc,i,], npd)

c Predator nortality and consunption audit
do 20 i=1,npd
do 20 j=1,na

C calc net migration
d3=0.
do 40 k=l,na

40 d3=d3+mg(j,k,1i)*Pn(i,k)

C calc deriv's of Pn: . o
vp(ij (i,3)+30)=-(pmt(i)+pg(i)*ef(i,]J))*Pn(i,])+d3
do 20 k=1,njv

C write(*,400)i,J,k,ijk(i,3,k)

C calc deriv's of Cn:

20 vp(ijk(k,j,i)+55)=rc(k,J,1)

C calc deriv's of cum passage in Jv(i,6):
do 30 k=1,njv

30 vp(ij (k,6) )=Fs(k)

C calec per capita consunption
do 60 i=1,npd

do 60 j=I,na
60 vp(ij(i,j)+180)=sum3l(rc,j,i,njv)/Pn(i,])
C write(*,300) (psv(i),i=2,ne+1)
C write(#*,200) (vp(i),i=1,ne)

c300 format(' Der-- psv''s'/(5g12.4))
c200 format (' Der-- dpsv''s'/(5912.4))
400 format(' Der-- indices'/5i5)
return
end
Com—mmmm————— _ - -
~ subroutine force(t) .
¢ Find instantaneous forcing function values from
c increnental tinme series
$INCLUDE: 'Crem204.cmn’
data iiy2/,i2/2/,i3/2/,i4/1/,i5/2/
C write(*,100)t _ _
100  format(*' Forcing functions being calculated at t ='
>,£10.4)
C tenperature _ o _
c assunes that flow rate is characteristic of mdday (hence, t-.5)
do 10 i=i1,ntemp
if (tday(i).ge.t) go to 1
10 continue
i=ntemp
1 j=i-1
il=max(i-2,2)
Ft=xlin(temp(]j),temp(i),tday(j),tday(i),t-.5)
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c Flow rate _ o
c assumes that flow rate is characteristic of mnigday (hence, t-.s)
do 20 i=i2,nflow
if (fday(i).ge.t) go to 2
20 continue
i=nflow
2 j=i-1
i2=max(i-2,2) . _
Fl=xlin(flow(j),flow(i),fday(j),fday(1),t-.5)
c Juvenile passage rates
do 30 i=i3,njp
i f (jaay(i).ge.ifix(t+1.0001)) go to 3
30 continue
I'=n) p
3 j=i
i3=max(i-2,2)
do 40 k=1,njv
40  Fs(k)=juv(k,j)
¢ Conad sizes
do 60 i=i5,ngon
if (gday(i).ge.t) go to 4
60 continue

i =ngon
4 j=i-1
iS=max(i-2,2)
70 Fo(kp=x\ i n{sonad(k, ). gonad(k, ). gday(} ). gday(i), 1
g(k) =xI'i n(gonad(k,j),gonad(k,i),gday(j), gday(i),
c Setup effort levels if data present %pdday(l?.ne.-l.)
if (t.eq.pdday(id4)) t hen
do 50 i=1,5
do 50 j=1,5 _
50 ef (i,j)=predef(i,j,i4)
ig4=i4+1
endif
return
end
C--‘---—"-——--_--- - —— —— . S =
subroutine isvt(t)
SINCLUDE: 'Crem204.cmn'
c write(*,100)t
100  format(' 1ISVs being calculated at t ='
>,£10.4)

c Residence tinmes
do 10 i=1,njv
do 10 j=1,na ’ '
rt(i,j)=prti(i,j)+prt2(i,j)*pa(l)/Fl
if (rt(i,j).le.Q) then
write(*,*) ‘'rt:',i,j,rt
endif
10 continue
Cc Total prey densities by area
0 30 j=1,na
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tJv(j)=0.

do 40 i=1,njv _
40 tIv(3)=tIv(j)+av(i,3)
30 tIv(j)=tIv(j)/pa(l)
C Consumption rates
c if(t.ge.96.55)write(*,*)'t=',t

do 90 k=1,npd .
C ct calculates tenperature effect on functional response

_ct=prc1(k)*gg(Ft,0.,prc4(k),prcS(k),prcS(k))
c sp is spawning effect on functional response

sp=pspl (k)+(1.-pspl(k))*at (Fg(k),psp2(k),psp3(k))
c if(t.ge.96.55)write(*,*)"' k=',k,', ct=',ct,', sp=',sp

do 20 j=na,1,-1 . _
CePnis *efeect|ve predator density' due to water velocity thr